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EXPERIMENT USING VITAMIN ENRICHMENT 


% Symptoms of 2nd most 
fatal disease reduced 70% 


* Beriberi deaths steadily falling 


* Infantile beriberi virtually 
eliminated 


In an experiment in the Philippines now involv 
ing over 90,000 persons, conducted with the 
Philippine government and 
medical associations, and in which Hoffmann 
La Roche is proudly cooperating, remarkable 
health benetits from rice enrichment have been 
This ts reported by Juan Salcedo 
of Nutrition, Institute 


approval of the 


femonstrated 
M.D... M.A,, Directo 
f Nutrition, Manila, P. I 

With rice the principal food, and beribert the 
No. 2 cause of death, this new “Battle of 
Bataan” was planned and waged to determine 
whether enrichment of rice would reduce the 
of beriberi. Bataan Province was se- 
suse of its high beriberi mortality and 


lected bec 
because rice traffic could be readily controlled 
there. (Barly investigation showed enriched rice 
completely satisfactory in taste, color, odor 
palatability and digestibility.) 

“There are indications from raw data avail 
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ahle from the preseat clinical beriberi resurvey 
that the beriberi incidence has heen reduced by 
70% .°* Beriberi mortality rates have also stead- 
ily dropped in the “enriched rice” area without 
significant change in the control area 

This dramatic and specific evidence of the 
benefits of vitamin enrichment should have a 
vital effect in improving the health of peoples 
all over the world 


WHAT THIS MEANS TO YOU 


While these facts concern white rice, the con 
usion i clear that vitamin and m 
chment of white bread, family 
nacaroni, noodies, and other proces 
firect and practicable way of 
dietary inadequacies. The Bataan work 
the judgment of nutritional experts who have 
advocated such enrichment, and further justifies 
ted in 26 States, Puerto 
ing enrichment of all 
bread 


legislauon already ena 
Rico and Hawai req 
family white flour and white 
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Cluncuncement 


At the meeting of the Council of the Institute of 
Food Technologists held in Chicago on May 24, 
1950, an agreement was reached between the Insti- 
tute and The Garrard Press that the ownership of 
Foop Researcn be transferred to the Institute. This 
transfer has been now completed and Foop Re- 
SEARCH thereby becomes an official publication of 


the Institute of Food Technologists. 


During the same meeting the Council accepted the 
resignation of Dr. Fred W. Tanner, for the past 
fourteen years Editor-in-Chief of Foop Resrarcn, 
and appointed Z. I. Kertesz of the New York State 
Agricultural Experiment Station, Cornell Univer- 
sity, Geneva, New York, to become editor of Foop 
Researcnu as well as of Foop Trcunotocy. The 
Council agreed to publish in Foop Resrarce all 
papers which were accepted for publication by the 
previous editors, and these papers constitute all but 
the last three papers printed in Volume 15, 1950, of 
this journal. The previous Co-Kditors and Editorial 
Associates have all consented to continue to serve 


on the Editorial Board of Foop Resrearcnu. 


Manuscripts for publication in Resrarcu 
should be now submitted to the new editor at the 
above address. 
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COMPOSITION OF FOOD PLANTS OF CENTRAL AMERICA. 
VIL. HONDURAS 


HAZEL E. MUNSELL, LOUIS O. WILLIAMS, LOUISE P. GUILD, 
LUCILLE T. KELLEY, anp ROBERT 8S. HARRIS 


Nutritional Biochemistry Laboratories, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 


| Received for publication, May 20, 1950] 


This is the seventh in a series of reports which present results from 
analyses of samples of edible plants collected in the countries of Central 
America during the period from July, 1946 through July, 1949. The 
first six papers gave data on the following: I, 121 samples from Hondu- 
ras, Munsell, Williams, Guild, Troescher, Nightingale, and Harris (1949) ; 
II, 124 samples of vegetables from Guatemala, Munsell, Williams, Guild, 
Troescher, Nightingale, and Harris (1950a); III, 106 samples, including 
60 of fruits, from Guatemala, Munsell, Williams, Guild, Troescher, Night- 
ingale, and Harris (1950b); [V, 194 samples from El Salvador, Munsell, 
Williams, Guild, Troe scher, Nightingale, Kelley, and Harris (1950e); V, 
51 samples from Nicaragua and four from Panama, Munsell, Williams, 
Guild, Troeseher, and Harris (1950d); and VI, 154 samples from Costa 
Riea, Munsell, Williams, Guild, Kelley, MeNally, and Harris (1950e). 
Data for an additional 91 samples collected in Honduras are given in 
this report. 

The procedure for the collection and shipment of samples was the 
same as that described in the first paper; except for minor changes, the 
methods of analysis used for measuring the 13 constituents — moisture, 
nitrogen, ether extract, crude fiber, ash, calcium, phosphorus, iron, caro- 
tene, thiamine, riboflavin, niacin, and ascorbie acid -—— were the same as 
those noted in the second paper. Three slurries were made of all perish- 
able products; staple foods were shipped, without treatment, in tightly- 
covered metal containers. A permanent record of each sample was made 
by color photography and by preservation of a botanical specimen in the 
herbarium at the Escuela Agricola Panamericana in Honduras. 

Information on altitude, prevailing soil type, and estimated annual 
rainfall in areas where samples originated is shown (Table 1). 

The 91 samples were collected at various times from November, 1946 
to August, 1948. Of the 24 taken at the Escuela Agricola Panamericana 
(Zamorano), 20 were obtained in February, 1948, three in March, 1947, 
and one in November, 1946. The 16 samples from the Lancetilla Experi- 
mental Gardens, the 29 from farms of the Tela Railroad Company, and 
21 of the 22 from markets were collected in July and August of 1948. The 
remaining sample, coffee, was purchased in February, 1948. From this 
summary it will be noted that only 22 of the samples were purchased in 
markets. All others were taken directly from plants. Fifty-one foodstuffs 
were represented, and there was more than one sample for eight of these. 
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MUNSELL, WILLAAMS, GULLD, KELLEY, AND HARRIS 


DESCRIPTIONS AND USES OF FOODS STUDIED! 
Earru VEGETABLES; 

Malanga colorada (1, Malanga; V, Tisquisque; V1, Tequisque). The 
sample comprised eight normal-sized, mature roots of the malanga, pur- 
chased in the market at La Lima. The skins were russet, underlaid with 
purple; the flesh was firm and white with some purple or rose color. For 
subsampling the roots were washed, peeled, and diced. 

Ribano blanco (1 and V, Ribano). Twenty mature radishes were pur- 
chased in the market in San Pedro Sula. These had white skins and firm 
white flesh and were slightly ‘‘hot.’’ After the tops were removed, the 
roots were washed and trimmed and then diced without peeling, the sub- 
samples thus containing flesh and skins. 


TABLE 1 
treas Where Samples Originated, With Information on Prevailing 
Soil Type and Estimated Annual Rainfall 


No. of 


Department Itita Soil type 
samples 


Arenales Cortés Sandy loam 

Comayagua Comayagua 

La Cumbre de San Cortés 

Pedro Sula 

Curaren Morazain 

Danli El Paraiso 

Guaruma—-Farm No.1 Cortés Loum 

Giuaruma—Farm No Cortes Loum 

El Parniso : Sandy loam 

Lancetilla Atlantida y Sandy loam 

Lima Farm Cortés ( Loam 

Rio Abajo Morazin 2,000) 

San Juan Lindo Cortés » 

San Pedro Sula Cortés 100 Sandy loam, H0-S0 
loam, sand 

Santa Barbara Santa Barbara 600 

Siguatepeque Comaye gua 4.500 

Pela Atlantila 0 Sand 


Zamorano Morazin 2 400 Clay loam 


Remolacha (1L and V, Remolacha). Eight large, mature, well-grown 
beets made up the sample. These were taken from the ground at the 
Escuela Agricola Panamericana, For subsampling they were peeled and 


cubed 

Zanahoria (1 and V, Zanahoria). The sample was taken at the Escuela 
Agricola Panamericana and comprised 13 carrots about eight weeks from 
planting. These were washed with a brush, superficially dried, trimmed, 


and dived, 


“A deseription for some of the foods has already been given in previous reports 
rhis is indieated by a notation in parentheses following the name of the food, whiel 
identifies the reference by its series number, as shown in the opening paragraph of this 


report, and gives the name of the food with which the description appears 
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COMPOSITION OF FOOD PLANTS OF CENTRAL AMERICA 


Apio (Il and V, Apio). Six bunches of celery were obtained at the 
Escuela Agricola Panamericana. This is probably the only place in Hon- 
duras where celery is grown. The stalks were small but of good quality. 
The bunches were separated and after being washed the stalks were left 
to drain. The leaves and tough parts of the stems were removed and the 
remainder chopped and mixed. 

Bambusa arundinacea. Bamboo is native to Madagascar. Plants are 
being grown experimentally at Lancetilla, but it is not known to be grown 
elsewhere in Central America. At Lancetilla the Chinese cook used it in 
chop suey with good results. The sample comprised four shoots 12 to 1s 
inches long and four inches at the base, probably representing two or 
three days’ growth. The bracts were stripped from the terminal eight 
inches, until no color showed and only the very tender shoots remained 


These were chopped. 
Camote, puntas de (1 and V, Camote; I, Camote, hojas de). The sam 
ple was made up of about 100 growing points of the Naney Hall variety, 


from field crop plantings at the Escuela Agricola Panamericana. The 
leaves were washed and dried superficially, then chopped and mixed. 

Chaya (1, Chaya Chaya is native from Mexico through Central 
America, probably mainly along the coast. It is grown primarily as an 
ornamental and is not known to be used as food. For the sample about 
50 of the tender, young shoots were taken from small trees near the golf 
course in La Lima. For subsampling they were chopped and mixed 

Chipilin (IL, Chipilin). In Honduras chipilin is said to be used only 
in soups. About 400 stems were purchased in the San Pedro Sula market 
These were immature with no flowers showing. The terminal leaves and 
tender parts of stems were chopped for subsamples 

Coliflor (1, Coliflor;: U1, Brocoli). Six mature heads of cauliflower were 
obtained in the garden at the Escuela Agricola Panamericana. They were 
chopped and mixed for subsampling 

Kale, hojas de. Kale is probably a cultigen originating somewhere 
along the shores of Europe. For the sample five mature plants, about 
three months old, were collected at the Escuela Agricola Panamericana 
Subsamples were prepared very soon after colleetion. The upper parts 
of the leaves were chopped together 

Lechuga (ll, Lechuga). The sample represented a good-quality head 
lettuce, It comprised six mature heads, about two months from planting, 
collected at the Escuela Agricola Panamericana. After removing the outer 
leaves until clean, undamaged leaves were reached, the heads were chopped 
and mixed for subsampling. 

Madre de cacao (AV. Madre de cacao The flowers of this tree are not 
used as food in Honduras as they are in other parts of Central America 
For the sample a large number (thousands) of flowers were taken from 
one tree at Zamorano. These were covered with many small white mites 
which could not be removed. Flowers only were used for the stabilized 
samples, which were prepared within an hour of collection. 

Remolacha, hojas de (NV. Remolacha The sample of beet tops was 
taken from the garden at Zamorano and comprised all undamaged leaves, 
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petioles, and leaf blades, from the eight beets used for the sample of roots. 
They were washed and dried superficially, then chopped and mixed. 

Repollo chino (1, Repollo chino). When used in a mixed salad the 
whole leaf of the Chinese cabbage is generally used. When eaten as an 
uncooked vegetable the whole leaf or only the fleshy, erisp mid-rib may 
be eaten. Five mature heads, two months from planting, were taken for 
the sample. The outer leaves were removed until the exposed leaves were 
clean and tender. The heads were then chopped. 

Yuca, hojas de (1, Yuea blanca, hojas de). The seven samples of grow- 
ing points of yvucea, representing seven varieties of this plant, were taken 
from the variety plots at Zamorano. Each sample comprised 50 to 100 
pieces, each taken from a different plant. The stabilized samples were 
prepared within an hour of the time of collection. 

Ginetum Gnemon. This tree is native to the Malayan area, where the 
leaves are said to be used as food. The sample comprised new leaves from 
one tree growing in the gardens at Lancetilla. After being washed and 
dried superficially the leaf blades were chopped and mixed. 

VeGerasLes: 

Aquacate (1, Aquacate). Eight ripe fruits of the West Indian type of 
avocado were purchased in the market in La Lima. These fruits weighed 
about 240 gym. each and had shiny, thin, green skins and yellow-to-yellow- 
green, moist, rather soft flesh. The flesh, spooned from the shells, was 
mixed for subsampling. 

Masapan. The breadfruit tree is native to the Malayan region, but 
is now distributed throughout the tropics. In some parts of the world, 
especially in the Polynesian area, it is an exceedingly important item of 
the diet. It is not yet common in Central America, although it is found 
occasionally in coastal areas. It is eaten boiled or fried, or boiled and then 
fried. The sample consisted of three immature fruits from one tree. These 
were pale green, not spiny, and had pure white flesh. For subsampling 
the fruits were cut longitudinally, peeled and cored, and the flesh cubed. 

Pataste (1, Pataste). The sample of chayote consisted of eight mature, 
spineless, dark-green, deeply sulcated fruits. The flesh was very moist, firm, 
and greenish. The fruits were peeled and the flesh diced for subsampling. 

Pimienta dulce (1 and V, Chile dulce). Thirteen green peppers of 
the horticultural variety California Wonder were collected at the Escuela 
Agricola Panamericana for the sample. They were washed and dried 
superficially, the stem and seeds were removed, and the flesh with skin 
was chopped. 

Pipiin (1 and V, Ayote). The sample consisted of eight immature 
squash fruits purchased in the market at San Pedro Sula. These fruits 
were ovoid in form with green-striped skins and moist, pale-green flesh. 
A longitudinal wedge, including skin, flesh, and seeds, was cut from each 
fruit for each of the three stabilized samples 

Tomate verde (1 and V, Tomate). Green tomatoes are used in stews 
and to flavor soups. The sample comprised nine medium-sized fruits 
selected at random from plants at the Escuela Agricola Panamericana. 
They were firm and green with a little red beginning to show. The fruits 
were washed and a wedge taken from each one for the subsamples. 
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CEREALS: 

Jilote (1, Jilote). Fifty very immature ears of corn, about three or 
four months from planting, were purchased in the market at San Pedro 
Sula. For subsampling the husks were removed and the cobs with young 
kernels chopped. 

LeGuMES: 

Gandul (1, Gandul). About 400 pods were taken for the sample. These 
came from plants grown for green fertilizer. The pods were well filled out 
but still tender. These peas were very hard to shell; it required one hour 
for one person to shell the sample. 

Lablab. Lablab probably originated in India, where it seems to be 
native. It is an important food plant in India and tropical Africa and 
has been in cultivation for a long time. It is rarely cultivated in Central 
America, although it deserves consideration from several viewpoints. The 
plant is easily grown and seems to be relatively free from disease. It may 
be grown from sea level in the wet lowlands up to at least 3,000 feet in 
the relatively dry highlands. An abundance of fruits is produced. The 
immature pods may be used in stews or as a green vegetable, and the 
mature seeds are used much like peas. It might well take the place of 
garden peas in the tropics, where peas do not thrive except at high eleva- 
tions. The plant also enriches the soil and when it no longer bears may 
be used as fodder. Both samples were taken from plants about three 
months old, grown at the Escuela Agricola Panamericana for fertilizer. 
Sample (a) comprised beans shelled from about 200 pods and Sample 


(b) about 150 small, immature pods, including the very immature beans. 


Fruits: 
1. BANANAS AND PLANTAINS: 

Banano (1 and V, Banano). All except one, Gros Michel (a), of the 
26 samples of bananas were from the variety plot of the Tela Railroad 
Company near Lima. The exception was from a commercial plantation. 
All were held in the ripening room of the same company’s Research 
Department and all were at or near optimum condition when sampled. 
Each sample comprised fruits from a single stem. The samples were pre- 
pared by mixing the flesh from a number of fruits taken from several 
hands. The sample of the Brazilian variety comprised four fruits of three 
hands. These were rather short and had yellow, slightly flecked skins, 
and white, slightly acid flesh. The sample of Bungulan also comprised 
four fruits from each of three hands. These were also rather short, with 
good vellow skins and very pale-yellow flesh of fair flavor, but drier than 
the Gros Michel. Four fruits from three hands were also taken for the 
sample of Cavendish. These bananas were rather small with thick, yellow- 
flecked skins and very pale, fairly moist flesh of good flavor. 

The variety Choui Can Trang is a small Champa type banana from 
French Indo China. Fifteen fruits, five from each of three hands, were 
taken for the sample. These were very short and stout with thin, yel- 
low skins flecked with small brown spots. The flesh was very pale-yellow, 
moist, and rather sweet. For the sample of Congo, three fruits were taken 
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from each of three hands. This banana ts similar to the Gros Michel. The 
Dorado is a small Champa or lady finger banana originating in Cuba. The 
sample included 21 fruits, seven from each of three hands. The skins were 
thin, yellow, and lightly flecked; the flesh was very pale-yellow, almost 
white, fairly sweet, and somewhat dry. Four fruits from each of three 
hands were taken for the sample of Grande Nain. This is a medium-sized 
banana with fairly thick skin. The flesh is pale, moist, and of fine flavor 
of Gros Michel 12 fruits were taken from two hands. 


For Sample (a) 
y pale, moist flesh. Sample 


These were of average size and flavor with ver 
(b) comprised nine fruits, three from each of three hands. These 
somewhat shorter and thicker than those of Sample (a) and the skins were 
Four fruits from each of three hands made up the 
sample of Guyuran, These were short and thick with cream-colored, moist, 
aweet flesh of good flavor. For the sample of Inarnibal, five bananas were 
taken from each of three hands. These fruits were of the Champa type. 
The skins were thin and lightly flecked; the flesh was rather sweet, moist, 
and very pale yellow. The Indiana is a rather short, thick banana The 
cream-colored, moist flesh is of net very good flavor. Three fruits from 
These were rela- 


were 


more greenish-yellow 


each of three hands made up the sample of Kanara 
pale-orange-to-yellow flesh. 


tively large, thick bananas with very morst, 
The Kapas is a small, short fruit with thin skin, originating in the Fed 


erated Malay States. Twenty-four ripe fruits from the middle of the 


stem were taken for the sample. The most flesh was almost white and 
of only fair flavor 

The sample of Kau Chiao consisted of four fruits from each of three 
hands. The stem from which these were taken was large and the indi 
vidual fruits were relatively large. The skins were heavily flecked and 
the flesh was very pale-vellow, 
is a lady finger type banana, small and slender. Four fruits from 


quite moist, and of fair flavor. The Lidi 
each of 
four hands were taken for the sample These had thia skins and pale, 
The Masak Sahari is a rather slender banana 
sample. ‘The skins were 


moist, fairly sweet flesh 
Six fruits from each of three hands made up the 
and the flesh was pale-vellow, moist, and faintly acid in 


a clear vellow 
Four fruits from each of three hands made up 


taste but of good flavor 
the sample of Morado Pula, a red banana originating in the Philippine 
Islands. The fruits were short and thick, with thin, reddish skins and 
pale, quite moist, sweet flesh. 

The Morado Puti is a short, thick banana with thiek vellow skin and 
Three fruits from each of three hands were 


pale, moist flesh of fair flavor 
the Morong Datu are rather small, long, 


taken for the sample. Fruits of 
They do not ripen well or evenly. Four fruits from each of 


and slender 
These had pale-vellow-greenish, rather 


three hands comprised the sample 
thin skins. lightly flecked, and flesh of fair flavor, rather ‘‘tangy’’ and 
somewhat too firm. The Mundan, originating im the Federated Malay 
States. is another Champa type banana with small, short, thiek fruits 
three hands made up the sample. These had 


Five fruits from each of 
1 pale-vellow, moist, rather sweet flesh. The 


thin. vellow, flecked skins ane 


Pomme Java. place of origin French Indo China, is an apple banana type 
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Four fruits from each of three hands were taken for the sample. These 
had thin yellow skins and very nearly white, moist flesh of fair flavor. 

Fruits of the Susu variety are very short and thick. Three fruits from 
each of three hands made up the sample. These had vellow skins begin- 
ning to fleck, and pale-cream, moist, fairly sweet flesh. Fruits of the 
Tadiao variety were longer and less thick than the Susu. The skins are 
thick and the flesh is pale-cream, moist, and not of pleasing flavor. Three 
fruits from each of three hands made up the sample. The Tumoe variety 
of banana resembles the Gros Michel in appearance and taste. Three fruits 
from each of three hands were taken for the sample. The Vimana, place 
of origin New South Wales, is a slender banana with a rather heavy peel. 
Four fruits from each of three hands were taken for the sample. The flesh 
was almost white, moist, and of good flavor. 

Plitano. The two samples of plantains came from the variety plot of 
the Tela Railroad Company near La Lima and the stems were ripened in 
the ripening room of the Research Department of the company. Two fruits 
from each of three hands made up the sample of Dominican Dwarf. These 
were rather large, angled fruits with yellow, relatively thin peels and 
pale-cream, firm, moist flesh of fair flavor. The sample of Laknan also 
comprised two fruits from each of three hands. These were a small, angled 
plantain with relatively thin skin and moist, white flesh of net too good 


flavor when raw. 


2. OTHER 

Aberia (1, Aberia). This fruit is native to India and Ceylon; hence the 
name Ceylon gooseberry. About 200 fruits were collected at random from 
the plantation at Zamorano. For subsampling the calyces were removed 
and the whole fruits mashed and mixed. 

Rendaria. This fruit is native to the Malayan area. It may be eaten 
raw or made into jam. The unripe fruits may be mixed with other food 
The fruit is practically unknown in Central America and, therefore, is of 
little importance in the diet. The fruits are quite acid and probably would 
not find favor with Latin peoples. The sample was collected in the Experi 
mental Garden at Lanecetilla, from trees about 20 vears old, and comprised 
44 tree-ripe fruits. These were ovoid in form, measuring four by five em., 
and pale-apricot in color. The flesh was moist, of apricot color, and had 
some fiber. The flesh and thin skin were cut away from the seed and mixed 
for subsampling. 

Carambola (1, Carembola The carambola tree is of Asiatic origin, 
but is now widely distributed in the tropies. The fruit may be used either 
green or ripe. Green, it is used in preserves or pickles, and ripe, it may 
be eaten out of hand or after stewing. Thirty tree-ripe fruits, collected at 
Lancetilla, made up the sample. These were about eight by four em., five 
winged, and pale-vellow-green in color. The skins were very thin. For 
subsampling cross sections of the skin and flesh were used. The seeds were 
disearded, although they are usually eaten. 

Grumichama, This tree is thought to be native to Pern. Specimens are 
being cultivated in the Experimental Garden at Lancetilla, but it is not 
known to be cultivated elsewhere in Central America, The fruits may be 
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eaten out of hand or made into jelly. The sample comprised about 150 
small, ripe fruits taken from a tree at Lancetilla. These had deep-red or i 
purple skins and moist, white flesh of fair flavor. For subsampling, after 
the calyees and seeds were removed, the skin and flesh were chopped f 
together. 

leaco (1, Teaco). The icaco is a shrub or small tree native along the 
seashore from Mexico to Panama, in the West Indies, Florida, and north- 
ern South America. As it grows wild it forms an important part of coastal 
thickets. It is occasionally, though not often, planted for its fruits. The 
fruits are small, less than an inch to one and a half inches in diameter, 
with thin skins varying from pink to black; the flesh is white, rather 
spongy, and insipid. The sample consisted of about 100 ripe fruits pur- 
chased in a market in La Lima. These were washed and dried, the peel 
and flesh cut away from the seed and mixed. 

Madrono. This plant is native to northern South America and Pan- 
ama but only eultivated specimens have been seen elsewhere in Central 
America. About 60 fruits were collected at Lancetilla for the sample 
These were lemon-yellow-to-green in color and had a thick, rough rind. 
The inner portion around the seed is the part eaten. This white, moist 
material is somewhat acid but sweet. For subsampling, the fleshy covering 
of the seed was removed from the several fruits and mixed 

Pera (IIL, Pera). The sample comprised six fruits purchased in a 
market in San Pedro Sula. The peel was hard and greenish; the flesh was 
white. They were peeled and cored and the flesh was then diced. 

Pia azucaron (tl and V, Pina). Four ripe pineapples of about two 
kilos each were purchased in La Lima for the sample. They had been 
taken from the plants that day and were about 18 months from planting 
The fruits were cut in half lengthwise, one-half of each peeled and cored, 
and then cut into small cubes for subsampling. 

Yuyuga. This tree is probably native to India and possibly in adja- 
cent tropical and subtropical regions. The natives of the north coast of 
Hlonduras claim it is native there, which doubtless means it has become . 
spontaneous in some places. The sample, from a market in La Lima, 
comprised about 100 ripe pale-green-to-vellow-green fruits. The- flesh was 
white, rather moist but firm, and quite sweet. The fruits were washed and 
the flesh with the thin skin cut from the seed and mixed. 

Astrocarium Standleyanum. This palm is native to Panama, where it 
is common as a forest tree in the central part of the Canal Zone. The fruits 
are said to be used occasionally as food. One raceme of about 50 fruits 
was obtained at Lancetilla. Both the skin and flesh were deep-orange and 
the flesh was moist. The skin and flesh of each fruit were cut from the 
seed and mixed 

Elaeocarpus serratus. This tree is native to the East Indies and Malaya. 7 
In Central America it is not abundant enough to be of any importance. 
The fruits of this species are said to be pickled and used much like olives. 
Fruits of several species of the genus are eaten. About 200 small fruits, i 
two by 2.5 em., were taken from a tree at Lancetilla. They were unripe, 
green in color with thin skins, and with firm, fairly moist flesh. The flesh 
and skin of the fruit were cut from the seed and mixed. 
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Mangifera odorata. This species of the mango is native to the Malayan 
region. So far as is known, the trees at Lancetilla are the only ones in 
Central America. It is inferior to the ordinary mango; the fruits have a 
strong flavor and ripe fruits have an unpleasant odor. The fruits are eaten 
as a fruit out of hand. The sample, collected at Lancetilla, included fruits 
weighing about one pound, picked green and ripened three days. The skins 
were still green; the flesh was apricot color, very moist, and had an odor 
and flavor much like that of the Durian (1, Durio). The two faces were 
cut from the fruits, the flesh scooped out of the shells and mixed. 

Noronhia emarginata. This tree is native to Madagascar. The fruit is 
eaten but is of little value. The trees at Lancetilla are probably the only 
ones in Central America. About 150 ripe fruits from one tree made up the 
sample. The fruits were small, about 2.5 by 2.5 em., and had a thin, pale- 
cream, very moist layer of flesh. For subsampling, the thick shells were 
removed and the flesh and juice scraped from the seed. About 128 gm. 
were obtained. 

Sandoricum indicum. This tree is native to the Malayan area. The 
fruits are eaten but are not greatly appreciated. Fifty tree-ripe fruits 
were collected at Lancetilla. These were oblate spherical in shape, about 
five by six em., and had thick yellow peel. The flesh is the aril surround. 
ing the large seed. This is white and acid to taste. The arils, mostly juice, 
were used in the subsamples. 


Dry SAMPLES: 
CEREALS: 

Arroz (III, Arroz). The samples of arroz and of arroz del pais were 
purchased in a market in Tegucigalpa. The first sample was second-grade 
rice. Each sample was ground before subsampling 

Maicillo (IV, Maiecillo). The sample was purchased in Tegucigalpa and 
was ground for subsampling. 

Maiz. The sample of maiz blanco (a), purchased in San Pedro Sula, 
was a white dent corn of the coastal type. The sample of maiz blanco (b 
obtained in Tegucigalpa, was a white corn. This was heavily infested with 
weevils. Maiz sabanero was yellow corn, also purchased in Tegucigalpa. 
All samples were ground for subsampling 


LEGUMES: 

Cacahuete (IV, Mani). Unroasted peanuts were purchased in Teguci- 
galpa. Analyses were made on subsamples prepared with and without hulls. 

Frijol (1, Habichuela). The sample of frijol colorado consisted of 
medium-sized red beans; frijol del pais (a) of small dark-red beans; and 
frijol del pais (b) of small red beans somewhat lighter in color than the 
preceding sample. The first sample was purchased in Tegucigalpa and the 
other two in San Pedro Sula. All were ground for subsampling 


MISCELLANEOUS : 

Cafe (Ul, Cafe). The sample of coffee represents one of the better 
types grown in Honduras. It was grown and collected in Giiinope. The 
unroasted berries were ground for subsampling. 
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Engorda cavallo. This leguminous plant is native to Central America, 
where it is known as engorda caballo. It is cultivated for stock feed, but 
probably has little potentiality as food for human consumption. The sam- 
ple was collected at the Escuela Agricola Panamericana, Rio Yeguare Val- 
ley, where it is grown for stock feed. The new terminal growths of the 
shrub were used for the subsamples. 

Palma africana de aceite. This palm is native to tropical Africa and 
is one of the most important economic plants of the continent. The oil 
has been in trade a great many years. The tree has doubtless been carried 
over much of Africa, and it is difficult to tell where the plant is native 
and where it has been introduced. 

Cultivation of the African oil palm in Central America is on the in- 
crease. It is often planted in old banana lands, especially land that can 
no longer be used for bananas because of Panama disease. It offers a 
potentially valuable secondary crop for the lowland areas. Plants now oper- 
ate for the extraction of the pericarp oil and production should increase 
as plantings are extended 

‘Two types of oil are obtained from the fruits—pericarp oil from the 
wall of the fruit and oil extracted from the kernel. Pericarp oil is the 
most easily extracted and was the first oil to enter into commerce under 
the name of palm oil. It is an edible oil, but it is also used in the manu- 
facture of soap and similar products, and sometimes as fuel. The kernel 
oil is of greater value than pericarp oil, but much more difficult to extract. 
It is used for margarine manufacture and also for soap, candles, and other 
products 

The two samples of fruit of the African oil palm were taken from 
trees at the Laneetilla Experimental Garden. Sample (a) represents the 
palm known as the ‘Sumatra type’’ and Sample (b) the ‘*Java type.”’ 
For Sample (a) two inflorescences weighing about 50 Ib. and with some 
thousands of ripe fruits were taken. For Sample (b) two inflorescences 
weighing about 100 Tb. were used. The fruits of one were completely ripe 
and those of the other almost so 

For subsampling, about 50 fruits from each of the two heads were 
washed and cleaned, and the pericarp (skin and flesh) cut away from the 
seeds and mixed, The remaining fruits were used to obtain the respective 
oil samples. These were processed in the commercial plant of the Tela 
Railroad Company through the kindness of Dr. Reif, Chemist. The oils, 


representing periearp oil, were not filtered 


RESULTS AND DISCUSSION 


The data obtained from analyses of the 91 samples are shown (Table 2 

Values are given for a number of foods whieh have not been reported upon 
Previously in this stray These include bambusa. hojas de *thkale.’’ hajas 
de remolacha, and Guctum Gnemon under Ilerbage Vegetables: masanan 
under Fruit Vegetables: /ablab under Legumes: bandaria, qrumichama, 
madroio, yuyuga, and the five samples net identified by Spanish names 
under Fruits; and all four samples listed as Miscellaneous. Three other 
foods have alreadv been shown to have high nutritive values chaya, 


port of the series chipitin, Reports and IV: and matcrilo, Reports 
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IV and VI. The findings in regard to these foods and others of interest 
are discussed | ow. 

As might be expected, the majority of the foods showing high values 
for several nutrients are among the herbage vegetables. Puntas de camote 
contained appreciable amounts of calcium (123.9 mg.), of iron (2.76 mg.), 
of riboflavin (0.312 mg.), and of ascorbie acid (77.6 mg.). Chaya gave 
relatively high values for calcium (154.1 mg.), iron (2.84 mg.), carotene 
(4.858 mg.), thiamine (0.194 mg.), riboflavin (0.264 mg.), and ascorbic 
acid (212.5 mg.). In some respects this sample was superior, and in others 
inferior, to the first sample examined. Chipilin gave high values com- 
parable to those shown for other samples, calcium (190.0 mg), iron (4.28 
mg.), carotene (6.851 mg.), thiamine (0.385 mg.), riboflavin (0.544 mg.), 
niacin (2.000 mg.), and ascorbie acid (98.2 mg.). The leaves of kale, 
hojas de *‘kale,’’ contained large amounts of calcium (299.8 mg), of iron 
(3.07 mg.), of carotene (5.448 mg.), of thiamine (0.191 mg.), of riboflavin 
(0.243 mg.), and of ascorbic acid (212.0 mg.). Beet leaves, hojas de remo- 
lacha, on the other hand, gave a significantly high value only for riboflavin 
(0.258 mg.). 

Values for the seven samples of hojas de yuca may indicate varietal 
differences, although attention is first attracted to the consistent occur- 
rence of high values for certain constituents, nitrogen (0.752 to 1.120 
mg.), caleium (154.6 to 230.9 mg.), iren (1.29 to 2.59 mg.), riboflavin 
(0.219 to 0.348 mg.), niacin (1.505 to 2.000 mg.), and aseorbie acid (223.5 
to $o1.5 mg.). 

The one sample of Gnetum Gnemon gave exceptionally high values for 
calcium (335.9 mg.), carotene (10.273 mg.), riboflavin (0.327 mg.), and 
ascorbic acid (215.0 mg.), with moderately high values for iron (2.71 
mg.), thiamine (0.106 mg.), and niacin (1.479 mg.). 

Breadfruit or masapan, the fruit vegetable not previously reported, 
seemingly makes no outstanding contribution to the diet. 

The legume lablab is significant only in the content of nitrogen (1.345 
mg.), thiamine (0.266 mg.), and niacin (2.006 mg.) in the mature bean. 

The 26 samples of bananas are most remarkable in their uniformity of 
composition. The variation of greatest significance is in the ascorbic acid 
content (7.6 to 32.8 mg.). 

Among the nine fruits reported for the first time, there are five that 
should be mentioned. One, Astrocarium Standleyanum, gave a very high 
value for carotene (14.898 mg.) ; four gave high values for ascorbic acid: 
bandaria (75.0 mg.), yuyuga (65.8 mg.), Elaeocarpus serratus (100.5 mg.), 
and Sandoricum indicum (86.0 mg.). Another fruit, aberia, also contained 
a large amount of ascorbic acid (102.5 mg.). 

Kafir corn, maicillo, is outstanding among the cereals in its content of 
niacin (3.184 mg. ) 

The niacin content (18.400 and 16.400 mg.) of the peanut, cacahuete, 
again calls attention to the potential value of this food as a source of nia- 
cin, a nutrient especially important to maize-eating populations. 

The fruit of the African oil palm apparently is very high in content of 
earotene (62.767 and 25.694 mg.), and contains relatively large amounts of 
iron (4.69 and 3.29 mg.) and thiamine (0.244 and 0.263 mg.); also sig- 
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nificantly large amounts of calcium (107.0 and 87.5 mg.) and niacin (1.078 
and 1.558 mg.). The pericarp oil expressed from these fruits is also high 
in content of carotene (35.296 and 30.841 mg.). 

The cattle food, engorda cavallo, gave high values for calcium (227.2 
mg.), iron (3.79 mg.), carotene (4.056 mg.), thiamine (0.254 mg.), and 
ascorbic acid (164.1 mg.). 

SUMMARY 

In the first report of this series on the composition of food plants of 
Central America, Munsell et al. (1949), results were presented from the 
analyses of 121 samples of food plants collected in Honduras. During the 
period from November, 1946 to August, 1948 an additional 91 samples 
were collected in this country. Twenty-four of these were obtained at the 
Escuela Agricola Panamericana, 16 from the Lancetilla Experimental Gar- 
dens, and 29 from gardens of the Tela Railroad Company. The remaining 
22 samples were purchased in markets. All samples were analyzed for 
content of moisture, ether extract, crude fiber, nitrogen, ash, calcium, phos- 
phorus, iron, carotene, thiamine, riboflavin, niacin, and ascorbic acid. These 
data are presented as the seventh in a series of reports on the composition 
of foods of Central America. 

A number of the foods studied had not been shown in lists of previous 
reports from this laboratory. Among the herbage vegetables were: bam- 
busa with no outstandingly high values; hojas de ‘‘kale’’ with high values 
for calcium, iron, carotene, thiamine, riboflavin, and ascorbic acid; hojas 
de remolacha with high values for thiamine and riboflavin; and Gnetum 
Ginemon with exceptionally high values for calcium, carotene, riboflavin, 
and ascorbie acid, and moderately high values for several other nutrients. 
Masapan, a fruit vegetable, was mediocre in its nutrient content. The ma- 
ture beans of the legume lablab contained appreciable amounts of nitrogen, 
thiamine, and niacin. 

Of the nine fruits not mentioned previously five are of interest: Astro- 
carium Standleyanum with a very high value for carotene; bandaria, 
yuyuga, Elaeocarpus serratus, and Sandoricum indicum with high values 
for ascorbic acid. 

Fruits of the African oil palm were shown to be rich in carotene and 
to be good sources of calcium, iron, thiamine, and niacin. 

A cattle food, engorda cavallo, comprising terminal leaves and grow- 
ing points of a shrub, gave outstanding values for calcium, iron, carotene, 
thiamine, and ascorbic acid. 

Attention is again called to the high niacin content of Kafir corn and 
raw peanuts. 

Values are shown for 26 samples of bananas and two of plantains. 
These fruits are remarkable in their uniformity of composition, 

Chaya and chipilin are again shown to be foods with high nutritive 
values. 
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This report is the last in a series of eight, covering results from studies 
carried out in these laboratories and in the field, for the purpose of ob- 
taining data on the composition of the edible plants of Central America. 
The first samples for these studies were collected in Honduras in July, 
1946, and the last in Guatemala, in July, 1949. The first seven reports 
show data as follows: I, for 121 samples from Honduras, Munsell, Wil- 
liams, Guild, Troescher, Nightingale, and Harris (1949); II, for 124 sam- 
ples of vegetables from Guatemala, Munsell, Williams, Guild, Troescher, 
Nightingale, and Harris (1950a); III, for 106 samples, including 60 of 
fruits, from Guatemala, Munsell, Williams, Guild, Troescher, Nightingale, 
and Harris (1950b); IV, for 194 samples from El Salvador, Munsell, Wil- 
liams, Guild, Troescher, Nightingale, Kelley, and Harris (1950c); V, for 
51 samples from Nicaragua and four from Panama, Munsell, Williams, 
Guild, Troescher, and Harris (1950d); VI, for 154 samples from Costa 
Rica, Munsell, Williams, Guild, Kelley, MeNally, and Harris (1950e) ; and 
VII, for 79 samples from Honduras, Munsell, Wiliams, Guild, Kelley, and 
Harris (1950f). The data shown in this report are for 79 samples ob- 
tained in Guatemala, 48 in January and February, 30 in July, 1949, and 
one (hongo de San Juan) in June, 1947. 

A description of the procedure followed in the collection and prepara- 
tion of samples for shipment, and an outline of the information recorded 
on the accompanying data sheets, were given in the first report of this 
series. Kodachromes were taken in duplicate of all samples, as has been 
done throughout the study; one set to be kept on file at the Escuela 
Agricola Panamericana and the other in the M.I.T. Nutritional Biochem- 
istry Laboratories. Specimens were also taken for the herbarium at the 
Escuela. 

Methods of analysis used have been described in Reports I and If. The 
same 13 constituents were measured as shown in the first seven papers. 

Of the 79 samples analyzed, 78 were purchased in markets, 73 in the 
several markets in Guatemala City, and five in Antigua. The remaining 
sample, apio, was taken from the ground at the Escuela Nacional de Agri- 
cultura near Bareena. Information on altitude, prevailing soil type, and 
estimated annual rainfall in the areas where samples originated is sum 
marized in Table 1. It should be noted that the majority of the samples 
came from the highland areas, where the soil is of voleanic origin. 


Eartu VPGETABLES: 
Ajo (VI, Ajo). About 100 mature bulbs, purchased in Antigua, made 
up the sample of garlic. The bulbs were broken into their separate cloves, 
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Almolonga 
Amatitlén 
Antigua 
Atitlin 
Cerritos 
Chichicastenango 
Ciudad Vieja 
Cobén 
Barcena— Escuela 
Nacional de 
Agricultura 
Eseuintla 
Guatemala 
Jutiapa 
Mariseal 
Copalehé 
Mazatenango 
Morfn 
Antigua 


Farm 


near 


Palencia 
Near Palin 
Panajachel 
Rabinal 


El Rancho 

San Augustin 

San Agustin de 
Zacapa 

San Antonio 
near Antigua 

San Bartolo 

San Bartolomé 

San José 

San José Pinula 

San Juan 
Sacatepequez 

San Lueas 

San Pedro Ayumpac 

Santa Maria del 
Volean de Agua 

Santa Maria de 
Jesus 

Near Santiago 

Santiago 
Sacatepequez 

Solol4 


Zacapa 
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Department 


Quezaltenango 
Guatemala 

Sacatepéquez 
Sololi 
Santa Rosa 

| Quiché 
Sacatepéquez 
Alta Verapaz 


Guatemala 
Esecuintla 
Guatemala 
Jutiapa 


Guatemala 
Suchitepéquez 


Sacatepéquez 
Guatemala 
Esecuintla 
SololAé 


Baja Verapaz 


El Progreso 
Progreso 


Zacapa 


Sacatepéquez 
Sacatepéquez 
Sacatepéequez 
Eseuintla 
Guatemala 


Guatemala 
Sacatepequez 


Guatemala 
Sacate pequez 


Sacatepequez 


Sacatepéquez 


Sacatepequez 
Sololé 


Zacapa 
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TABLE 


Areas Where Samples Originated, With Information on Altitude, 
Prevailing Soil Type, and Estimated Annual Rainfall 


1 


Altitude 


ft 


7,400 
3,500 
5,000 


5,000-6,000 


0 


5,000 
5,000 
4,000 


5,000 
2,000 
5,000 
3,500 


5,000 
1,200 


5,000 
6,000 
3,000 
5,000 
3,000 


600 
700 


5,000 
6,000 


5,000-6,000 


0-100 
5,500 


5,000-6,000 


7,000 


6,000 


7,000 


7,000 


6,500 


6,000 


600 


Soil type 


Voleanic 
Voleanie 
Voleanic 
Voleanie 
Silt or gravel 
Voleanic 
Voleanic 
Voleanic 


Voleanie 
Voleanic 
Voleanic 
Voleanic 


Voleanic 
Voleanie 


Volcanic 
Voleanic 
Volvanic 
Voleanic 
Alluvial from 
voleanic 

Voleanic 

Old voleanic 


Voleanic 


Voleanic 
Volcanic 
Voleanie 
Outwash plain 
Voleanic 


Voleanic 
Volcanic 
Voleanice 
Voleanie 


Voleanic 
Voleanice 


Vol 
Vok 
Voleanie ; 


sandy 
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Estimated 
rainfall 
on. 
70 
70 
70 
70 
60 
70 
70 

100 


No. of 
samples 
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from which the loose sheaths were removed. Subsamples were taken from 
the mixed cloves. 

Camote (I and V, Camote). Six rather small roots of sweet potato 
made up the sample. These were firm with very pale or rose-tinted flesh. 
The roots were peeled and diced for subsampling. 

Cebolla morada (1, 1V, and V, Cebolla). The sample consisted of onions 
of good quality. They had purple skins and in some this color extended 
throughout the outer layers of flesh. The bulbs were peeled and diced. 

Nabo (II and VI, Nabo). Twelve fair-sized turnips with firm, white, 
fairly moist flesh were purchased for the sample. These were peeled and 
diced for subsampling. 

Salsifi (11 and VI, Salsifi). About 70 small, mature roots were scraped 
and diced. 


HeRBAGE VEGETABLES: 

Apio (II and VI, Apio). Sample (a) of celery comprised 24 small 
bunches. These were quite solid. Five mature, green bunches taken from 
the ground at the Escuela Nacional de Agricultura made up Sample (b). 
For subsampling, the leaves and roots were removed, the stems washed 
and dried, and then diced. 

Bledo (11, Bledo). This plant, one of the Amaranths, is probably 
native to Central America. It is very common throughout Guatemala from 
the highlands to the coast, and especially in cultivated fields in the high- 
lands at the beginning of the rainy season, when it is mich used as food. 
It is not very common in markets, probably because it is so plentiful in 
the fields. The sample coraprised about 500 young plants about four inches 
tall. They were washed and dried and the tender leaves and stems chopped 
for subsampling. 

Brusela (11, Brusela). About 200 mature little heads made up the 
sample of Brussels sprouts. These were cleaned, trimmed, and chopped. 

Busnay. This plant is native from Guatemala to Panama in moist or 
wet forests. It is a minor food plant, although the fleshy and immature 
inflorescences are prized as food. They are not common in markets and 
when seen are quite expensive. They are used in soups, or boiled and then 
fried in egg batter. The sample comprised about 100 immature inflores- 
cences at a stage to use. The spathes were removed and the inflorescences 
then chopped and mixed, 

Chanchon (1, Repollo chino). Six bunches of Chinese cabbage were 
purchased. They were rather small and tender. The fleshy midvein only 
was used. This was taken out, washed and dried superficially, and then 
chopped. 

Coliflor (1, Coliflor and VI, Brocoli). Seven small heads of cauli- 
flower in fine condition were trimmed and the usable part chopped. 

Colinabo (1, Colinabo). Sample (a) of kohlrabi, purchased in Febru- 
ary, consisted of 18 mature stems and Sample (b), purchased in July, 
of 24 small, tender, very pale-green stems. The stems only of both samples 
were peeled and diced for subsampling. 

Culantro. Coriander is native to the Mediterranean region and is now 
naturalized over much of the world. In Central America the vegetative 
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parts of the plant are used as flavoring for other foods, especially those 
foods cooked in water. The sample comprised 200 piants at the flowering 
stage. The upper parts, stems, leaves, and flowers, were chopped. 
Epasote. This member of the goosefoot family is native from the United 
States and Mexico to Panama. It is naturalized and possibly also culti- 
vated in many other parts of the world. The plant has an unpleasant 
odor, but the vegetative parts are used as flavoring for beans and soups, 
and possibly also as a green. It is said to be used as a sedative and to 


expel intestinal parasites. In commerce the seeds are known as Mexican 


wormseed. About 150 young plants were trimmed, washed, superficially 
dried, and the tender leaves and stems chopped. 

Espinaca fina (V1, Espinaca de Victoria). The sample comprised about 
200 small, tender, very immature spinach plants. These were washed and 
left to drain one hour. The leaves were then removed and chopped. 

Espinaca china. The corn marigold is native to Europe, Africa, and 
western Asia and is new dispersed as a cultivated plant or weed through- 
out much of the world. It seems to occur in Guatemala as a weed and is 
probably used rarely as food, although the Indian woman from whom the 
sample was purchased in Guatemala City said it was used like spinach. 
About 100 plants just before the flowering stage made up the sample. The 
plants were trimmed, washed and superficially dried, and then chopped. 

Guicoy, puntas de (1 and V, Ayote). About 50 tender growing points 
of squash were purchased. This material was washed and superficially 
dried and the tender tendrils, leaves, and stems chopped. 

Hierba San Nicolis. This member of the Portulacaceae is native to 
Mexico and Guatemala, but apparently is not known elsewhere in Central 
America. It is said to be not uncommon in the highlands of Guatemala, 
where it is used like spiaach, but is not commonly found in markets. About 
SC olants were cleaned and the good leaves and terminal parts of stems 
chopped. 

Teote, flor de (11, Izote, Flor de and VI, Itabo, Flor de). Three rather 
small inflorescences were purchased in the Indian market, Guatemala City. 
These were washed and dried superficially and the petals were taken from 
the flowers and mixed for subsampling. 

Loeroco (IV, Loroco). A large number of greenish-white flowers, un- 
doubtedly from wild plants, made up the sample. The oder is very disa- 
greeable, but in spite of this they are used in egg dishes, in soups, and in 
tamales. The flowers were washed before subsampling. 

Malva. This member of the mallow family is native to Europe, from 
whenee it has been introduced into much of the world. In the highlands 
of Central America it is found, occasionally and sometimes abundantly, 
in cultivated ground. It may become a troublesome weed, especially in 
corn fields. The plant is sometimes used as food in Guatemala, but is not 
known to be used for this purpose elsewhere in Central America. It is 
also said to be used as medicine. Both samples, which undoubtedly grew 
as weeds, were purchased in Guatemala City, Sample (a) in February 
and Sample (b) in July. The leaves only of Sample (a) were chopped. 
The plants of Sample (b) were washed and then the leaves with some of 


the stem were chopped. 


1 

| 

| 

| | 


COMPOSITION OF FOOD PLANTS OF CENTRAL AMERICA 


Nabo, plantilla de (11, Mostaza). This mustard is probably native to 
Eurasia, but is now widely distributed as a weed. The sample comprised 
about 50 plants about to flower. These undoubtedly grew as weeds. They 
were washed and dried and the leaves and tender parts of stems chopped. 

Pacaya (II, Pacaya). Twelve immature, tender inflorescences of a 
palm made up the sample. The young flowers were removed and chopped. 

Pito (II, Pito). About 50 racemes of buds and flowers were pur- 
chased. The flowers and buds were removed and mixed. 

Repollo morado (1 and V, Repollo). The sample consisted of two large, 
mature heads of cabbage of the purple variety. The outer leaves and the 
cores were removed and the remainder was chopped. 

Verdolaga (1, Verdolaga). Purslane is a common weed. The geo- 
graphical origin of the species is not known, but it may be in the area 
between the western IHlimalayas, south Russia, and Greece. There are 
some indications that the plant was in America in pre-Columbian times. 
In Central America the plant appears to be always spontaneous. It is 
not prized as food and is seen infrequently in markets. The sample com- 
prised about 50 small, young, tender plants. These were washed and dried 
superficially and the tender parts chopped 

Yierbabuena. The bergamot mint is native to Europe. In the high- 
lands of Central America it occurs usually as a weed, occasional to abun- 
dant, in cultivated fields or disturbed places. It is used with other foods 
as flavoring and possibly as a green. It is said to have medicinal proper- 
ties. The sample consisted of about 50 young and tender plants taken 
just before flowering. These were washed and dried superficially and the 
tender leaves and stems chopped. 


Fruir VeGeTABLEs: 

Aguacate (1, Aguacate). The samples of avocado were purchased in 
markets in Antigua, one in January and the other in June. Sample (a) 
consisted of six ripe, pear-shaped fruits with black skins, and Sample (b) 
of six ripe fruits with black skins and greenish-yellow flesh. For sub- 
sampling the flesh was spooned out and mixed. 

Berengena (I and V, Berengena). Six mature eggplants with dry, 
white flesh were peeled and the flesh with seeds diced. 

Chile pimiento (I and V, Chile dulce; I1, Chile chamborote}. Sixteen 
ripe, red, sweet peppers made up the sample. These were washed, stems 
and seeds removed, and the. flesh chopped. 

Chile Jutiapa (11, Chile japonés). This species of Capsicum is little 
known and rarely cultivated. The plant is native to Peru. It is becoming 
more common in Guatemala, where it is sometimes called siete caldos. The 
sample consisted of 16 fruits with thick, clear orange-Vellow flesh. The 
fruits were washed and dried, the stems, seeds, and placentas removed, 
and the flesh chopped. 

Giiicoy (land V, Ayote). The sample consisted of three mature fruits 
with pale to apricot-yellow flesh and very hard, yellow shells with strong 
ridges. The flesh was dug from one-half of each shell and mixed. Seeds 
were discarded. 
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Miltomate (Ii, Tomatillo (b)|. About 100 ripe ground-cherry fruits 
were purchased in Antigua. After removing the husks, the fruits were 
washed and dried, then chopped. 

Miltomate criollo (11, Miltomate). About 600 ripe fruits were pur- 
chased in a market in Antigua. These were from wild plants. The husks 
were removed and the whole fruits mixed for subsampling. 

Pepino de fruta |Il, Pepino (¢)|. The sample consisted of 12 ripe 
fruits with pale vellow-green, very moist flesh. These probably came from 
wild plants. They were peeled and the flesh cut into pieces and mixed. 

Tomate verde (1 and V, Tomate). Fifteen hard, green fruits made up 
the sample. These were washed and dried before subsampling. 


CEREALS: 

Elote and maiz helote (1, Jilote). The sample of maiz helote consisted 
of 12 ears of yellow-kerneled corn at the soft-dough stage. The sample of 
elote was made up of six large ears of native yvellow-dent at the dough 
stage with red cobs. For subsampling the kernels were cut from the cobs 


and mixed. 


Leou MES: 

Alverja (111, Alverja). Several hundred pods of mature, fresh peas 
were shelled and mixed. 

Ejote (1, Habichuela). About 200 fresh, green, mature pods were 
washed and dried, trimmed, and chopped. 

Haba (Il, Haba). About 200 mature green pods of the horse bean 
made up the sample. The beans were shelled, the integuments removed, 
and the cotyledons mixed for subsampling. 


CITRUS: 

Cidra, The citron has been in cultivation for at least 4,000 vears. The 
plant may have originated in India, although wild plants are not known 
with certainty in any locality. The plant is not common in Central Amer- 
ica and was seen for sale only once. It is used for citron peel, a preserve 
made with sugar, or to make a syrup. The sample comprised five ripe 
fruits. A longitudinal quarter was taken from each fruit and the skin and 
centers removed, The remaining thick, white portion of peel was diced. 

Lima (IIL, Lima). The sample comprised 14 large umbonate fruits of 
the sweet lime. The peels were yellow-green and the flesh very pale 
greenish-vellow with loose white seeds. The fruits were peeled, the seeds 
removed, and a section from each taken for each sample. 

Vandarina (1, Mandarina), Two samples of tangerines were purchased 
in Guatemala City, one in February and the other in July. Sample (a 
was made up of 30 small, fine-flavored, ripe fruits with orange-red peels 
and deep orange flesh. Sample (b) comprised 12 good-quality fruits not 
quite ripe but with the peels beginning to show vellow. For subsampling 
Sample (a) the fruits were peeled, seeds removed, and the remainder slur- 
ried Fruits of Sample tb were peeled and the seeds removed. An equal 
number of sections were then taken from each fruit for each subsample. 
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Naranja agria (1V, Naranja agria). The sample consisted of 14 mature, 
sour oranges. These had orange-colored skins and were very acid. The 
superficial layer of peel and the oil glands were removed. A longitudinal 
wedge of the pulp (no seeds) and remaining peel was taken from each 
fruit for the subsamples. 


BANANA: 

Guineo morado blanco (1 and V, Banano). The 11 ripe bananas that 
made up the sample represented the yellow-skinned form of a red-skinned 
variety. They are used raw or for cooking. The fruits were peeled and 
the pulp mashed together. 


OTHER 

Anona (I, Anona blanca). The sugar apple is undoubtedly of Ameri- 
can origin but was distributed over much of the tropical area of the world 
soon after the discovery of America. It is considered to be one of the best 
of the Annonas and its excellent fruits are highly prized. Four ripe fruits 
of about 700 gm. made up the sample. The pulp was spooned out of the 
shells, freed of seeds, and mixed. 

Azerola (III, Azerola). About 200 ripe, red-skinned fruits of the 
Barbados cherry were purchased in Guatemala City. The flesh of these 
fruits was acid. They were washed and dried, the stems and seeds re- 
moved, and the flesh and skins cut up and mixed. 

Caimito (III, Caimito). The sample consisted of 18 medium-sized, 
ripe fruits of the star apple. These were cut in half, the seeds removed, 
and the flesh spooned out and mixed. } 

Chico (1 and V, Nispero). Sample (a), purchased in January, com- 
prised 18 medium-sized ripe fruits and Sample (b), purchased in July, 
five ripe fruits with brownish-pink, moist flesh. The fruits were opened, 
the seeds removed, and the flesh spooned out and mixed. 

Ciruela (111, Ciruela). Fifteen ripe plums with vellowish or pink 
flesh were washed and a longitudinal section was cut from each for each 
subsample. 

Coco (1, Coco). The coconut palm is probably native to the Malayan 
region but may have reached the west coast of tropical America in pre- 
Columbian times. It was certainly introduced on the Pacifie shores of the 
Americas after the time of discovery. The sample consisted of four ripe 
fruits still in the husk. The milk was extracted and mixed for the sample 
of leche de coco and then the flesh was removed, diced, and slurried. 

Coco, leche de. See Coco 

Durazno (I11, Durazno). The 12 peaches purchased were nearly ripe 
and of good quality for Central America. They were peeled and the flesh 
cut from the seeds and mixed. 

Fresa (V1, Fresa). The sample consisted of about 200 fresh, ripe 
strawberries. They were washed, hulled, and mixed by slurrying 

Guanéibana (V1, Guanibana). The sample comprised four medium 
sized ripe soursop fruits. The pulp was spooned out of the shells, freed 
of seeds, and mixed. 

Guayaba (Il, Guayaba). The 20 guavas purchased had vellowish 
peels, whitish-vellow flesh with a pink tinge, and were of good quality 
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They were washed and dried, the hard ends were cut off, and longitudinal 
wedges including skin, flesh, and seeds taken for the subsamples. 

Higo (Ill, Higo). Thirty-six figs made up the sample. These were 
green with some purple beginning to show. The flesh was white and dry. 
They were washed and dried, the stems removed, and the remainder diced. 

Injerto (III, Injerto). The sample comprised six ripe sapote fruits 
with soft, moist, sweet, flesh-colored flesh of good flavor. The flesh was 
spooned out of the shells, freed of seeds, and mixed. 

Mamey (111, Mamey). The five rather large, ripe fruits of the sample 
of mamey had firm, apricot-colored flesh. They were peeled and the 
flesh cut from the seeds and diced. 

Mango verde. The mango is perhaps the fruit tree which has been 
most widely cultivated in tropical and subtropical lands, and the fruit is 
undoubtedly more important than any other in the dietary of tropical 
peoples. The species is apparently native to southern Asia and the Ma- 
layan region, but was so much appreciated and even venerated in ancient 
times that it was undoubtedly widely spread by human agency. There is 
evidence that it has been in cultivation for more than 6,000 years. The 
mango is believed to have been brought to the Americas by the Portu- 
guese and to have been established in Brazil about the beginning of the 
18th century. From there it was brought to the West Indies and then 
into Central America. The mango is one of the few tropical cultivated 
food plants that has been improved under cultivation. There are now 
many excellent grafted varieties. The sample consisted of 11 green fruits 
with hard flesh. These were washed and the skin and flesh cut from the 
seed and mixed. 

Manzanilla (111, Manzanilla). About 100 ripe, yellow fruits made up 
the sample. These had rather dry flesh. They were washed and dried and 
the flesh and skin cut away from the core and mixed. 

Maraiion (1V, Maraiidén). The sample consisted of 24 ripe cashew 
apples with moist, rather acid, apricot-yellow colored flesh. These fruits 
probably came from wild plants. They were washed and dried, the “nut” 
removed, and the fruits or fleshy pedicels diced and mixed. 

Melocoton (V, Cojombro). The sample comprised three ripe, sausage- 
shaped fruits of about 3,500 gm. The skins were deep purple and the 
flesh yellow, firm, and fragrant. The centers were full of soft pulp and 
seeds. For subsampling, a longitudinal quarter-section was taken from 
each fruit, then the outer peel and the seeds and wet inner pulp were 
removed, and the rind diced 

Melon (1V, Melén). Two ripe melons were purchased. The flesh was 
orange-vellow toward the center and greenish toward the skin. The orange- 
yellow portion of the flesh from one-half of each fruit was removed and 
diced. 

Membrillo (lL and IIL, Membrillo). Quinces are native to western Asia 
and have been in cultivation since ancient times. Little change has taken 
place in the fruit in cultivation. The sample consisted of 12 ripe or nearly 
ripe fruits with firm, pale vellow-green flesh. These were peeled, cored, and 
the flesh diced 
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Papaya (111, Papaya). Sample (a), purchased in January, consisted 
of three fruits with flesh either green or beginning to turn yellow; Sample 
(b), obtained in June, of two ripe fruits with moist, sweet, yellow-red 
flesh. Subsamples of both samples were prepared by taking longitudinal 
quarter-sections from each fruit, removing the peel and seeds, and dicing 
the flesh. 

Pera larga (111, Pera targa). The eight fairly large fruits used had 
white flesh and large stone cells. They were peeled, cored, and the flesh 
diced. 

Pitahaya (111, Pitahaya). Eight ripe, good-quality fruits made up 
the sample. These had moist, slightly sweet, bright purple flesh with small 
black seeds. The flesh with seeds was spooned out of the shells and mixed. 

Sandia (V, Sandia). Two relatively small, ripe watermelons were pur- 
chased. The flesh of each was red but not very firm. The flesh was taken 
from one-half of each fruit, freed of seeds, and diced. 

Sapote and Zapote (1, Zapote). Sample (a) of sapote comprised six 
ripe, medium-sized fruits and Sample (b) six tree-ripened fruits. These 
were subsampled by spooning the flesh from the shells, removing the 
seed, and mixing. Orange-colored flesh only was used from the fruits of 
Sample (b). 

Zapote. See Sapote. 


MISCELLANEOUS : 

Hongo de San Juan. This is a gill fungus used in much the same man- 
ner as mushrooms. About 30 plants were obtained in the Guatemala mar- 
ket. These were just less than mature. The flesh was almost white, both 
in the cap and stipe, and was fairly moist. For subsampling, the epider- 
mis was removed from the stipe, cap, and annulus. A small portion of 
the flesh of each plant was then taken for each subsample. 


RESULTS AND DISCUSSION 

Values obtained for the 13 constituents measured in the 79 samples 
analyzed are shown in Table 2. As in previous reports, the foods have 
been grouped under the main headings of Earth Vegetables, Herbage 
Vegetables, Fruit Vegetables, Cereals, Legumes, and Fruits, with one 
under Miscellaneous. All samples were of fresh foods. 

Ten of the foods listed in this paper have not been reported upon in 
previous papers of this series. These included busnay, culantro, epasote, 
espinaca china, hierba San Nicolas, malva, and yierbabuena under Herb- 
age Vegetables; cidra and melon under Fruits; and hongo de San Juan, 
classified as Miscellaneous, Some of these were high in content of several 
nutrients. Busnay showed high values for calcium (402.6 mg.), riboflavin 
(0.492 mg.), and niacin (1.792 mg.); culantro for calcium (185.2 mg.), 
iron (5.79 mg.), carotene (2.820 mg.), riboflavin (0.294 mg.), and ascor- 
bie acid (147.0 mg.); epasote for calcium (342.3 mg.), tron (8.63 mg.), 
earotene (3.578 mg.), riboflavin (0.297 mg.), and ascorbic acid (99.2 
mg.) ; espinaca china for caleium (124.1 mg.) and iron (3.01 mg.) ; hierba 
for iron (3.21 mg.); malva for caleium (627.0 and 244.2 
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WILLIAMS, 
mg.), iron (40.80 and 11.03 mg.), carotene (12.553 and 6.328 mg.), thia- 
mine (0.305 and 0.230 mg.), niacin (1.768 and 1.562 mg.), and ascorbic 
acid (107.7 and 119.0 mg.); and yerbabuena for calcium (175.8 mg.), 
iron (5.48 mg.), carotene (5.515 mg.), and riboflavin (0.238 mg.). Malva 
is outstanding among these, and as stated under the deseription of this 
plant, it is sometimes used as food in Guatemala and probably could be 
used elsewhere and even more extensively in Guatemala with considerable 
benefit. The fruits cidra and melon are not remarkable in respect to nutri- 
ent content, although both contained appreciable amounts of ascorbic acid 
(36.8 and 32.5 mg., respectively). The fungus, hongo de San Juan, is 
mediocre in nutrient content, although the values for iron (3.19 mg.) 
riboflavin (0.338 mg.), and niacin (1.053 mg.) are of interest, considering 
the high water content of the material. 

A number of other foods show high values for one or more constitu- 
ents. All of these have been listed in previous reports, as indicated by the 
series number of the paper after the name of the food in the following 
discussion. 

Among the herbage vegetables bledo (11) gave high values for calcium 
(295.7 mg.), iron (33.00 mg.), carotene (5.145 mg.), and riboflavin (0.825 
mg.) ; espinaca fina (V1) for iron (4.15 mg.\, carotene (4.121 mg.), and 
riboflavin (0.274 mg.); puntas de giiicoy (11) for ealcium (103.5 mg.), 
iron (31.26 mg.), and riboflavin (0.210 mg.); flor de Izote (Il, IV, and 
VI) for aseorbie acid (417.5 mg.); loreco (IV) for thiamine (0.752 mg.) 
and niacin (2.426 mg.); plantilla de nabo (11) for calcium (280.6 mg.), 
iron (3.71 mg.), carotene (5.033 mg.), riboflavin (0.274 mg.), and asecor- 
bie acid (142.0 mg.) ; pacaya (11) for calcium (448.0 mg.); pito (IT and 
IV) for caleium (155.8 mg.) and iron (2.48 mg.), with moderately high 


values for thiamine (0.167 mg.) and riboflavin (0.176 mg.). Three of the 
fruit vegetables and one of the fruits gave high values for niacin: chile 
Jutiapa (If) (2.258 mg.), miltomate (11) (2.708 mg.), miltomate criollo 


(11) (2.001 mg.); and sapote (1, IL, IV, V, and VI) (2.580 mg.). Two 
fruits gave remarkably high values for ascorbic acid: quayaba (Il, IV, 
and V) (279.0 mg.) and maranon (LIV and VI) (347.8 mg 


SUMMARY 


Data are shown for the content of moisture, ether extract, crude fiber, 
nitrogen, ash, calcium, phosphorus, iron, carotene, thiamine, riboflavin, 
niacin, and ascorbie acid in 79 samples of edible plants obtained in Guate- 
mala. All except one of these were purchased in markets. 

Ten of the foods listed have not been included in previous reports of 
this series. Seven of these were among the foods classified as Herbage 
Vegetables and all seven show high values for one or more nutrients: 
busnay for calcium, riboflavin, and niacin; exlantro and epasote for cal 
cium, iron, carotene, riboflavin, and ascorbic acid; espimaca china for 
ealeium and iron; hierba San Nicolds for iron; malva for calcium, iron, 
carotene, thiamine, riboflavin, niacin, and aseorbie acid; and yrerbabuena 
for calcium, iron, carotene, and riboflavin 

Several other foods with high values have been included in’ previous 
lists: bledo, espinaca fina, puntas de giicoy, flor de Tzote, loroco, plantilla 
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de nabo, pacaya, pito, chile Jutiapa, miltomate, miltomate criollo, gquayaba, 
maranon, and sapote. 

Attention is called to the fact that several fruits had high values for 
niacin. 

The values for the iron, riboflavin, and niacin content of the fungus, 
hongo de San Juan, are of interest. 
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The prevalence of the spores of Clostridium botulinum is a subject 
which has been the topic of frequent discussions since the classical studies 
of Meyer and Dubovsky (1922a). The importance to the canning indus- 
try of this organism is too well known to be further discussed. Ever since 
Burke (1919) established that the habitat of this organism is the soil, 
examinations have turned in this direction to determine the potential men- 
ace facing the canning industry of the area under study. This study was 


undertaken to establish the prevalence of such spores in Georgia, an area 
where pimi ntos, usually au low-acid food, are frequently canned by boil- 


ing-water-bath process. 

Typical of the many studies seeking Cl. botulinum in the soil are those 
of Burke (1919), Meyer and Dubovsky (1922a and b), Tanner and Dack 
(1922), and Nelson (1948). Virtually identical techniques were employed 
in all the above studies. 

Burke (1919) employed a meat infusion broth, but in later studies 
shifted to beef heart peptie digest medium, which he reported to be a 
superior medium. Hill and Lewis (1947) reported a skim milk and a corn 
steep liquor-casein medium which they found to be satisfactory for the 
culture of putrefactive anaerobes. Perry, Townsend, Anderson, and Berry 
(1948) adapted the latter medium to a study of Cl. botulinum in frozen 
foods and reported that the medium performed satisfactorily. Liggett 
and Koffler (1948) reviewed the literature on corn steep liquor and gave 
details of its composition. 

The test animal to be used in the study of this organism has been the 
subject of considerable controversy. Lamanna and Glassman (1947) com- 
pared guinea pigs and mice and found guinea pigs to be three times as 
sensitive as mice to the toxin studied. Hlowever, Stevenson, Nelson, and 
Reed (1947) found the guinea pig to be six to eight thousand times as 
sensitive to Type B toxin as the mouse. Tanner (1933) considered the 
mouse to be a poor test animal because it was more refractory than com- 
monly believed. Smith and Martin (1948) considered the mouse, guinea 
pig, and monkey to be satisfactory animals for studies with Cl. botulinum 
toxin. Burke (1919), Mever and Dubovsky (1922a), and Parry (1945) 
all used the guinea pig as a test animal. However, Perry et al. (1948) 
and Lamanna and Glassman (1947) used mice and considered them satis- 


factory test animals 


‘Present address: Research Food Technologist, Monsanto Chemical Company, Annis 
ton, Alabama. 
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METHODS 

A study was made to determine the relative toxin-producing effective- 
ness of beef heart peptic digest broth (BHPD) prepared according to 
Lepper, Fisher, Warren, Sale, Ross, Reindollar, and Marian (1945) and 
corn steep liquor-casein (CSLC) medium prepared according to Perry 
et al. (1948). The organism used was a known culture of Cl. botulinum 
(Strain A 62) taken from the collection of Dr. K. F. Meyer and kindly 
furnished for these studies by Mr. C. W. Bohrer of the National Canners 
Association Laboratories. The mouse was used as the test animal. 

Mice and guinea pigs were compared as test animals, using CSLC 
After separation of the toxin from the culture, the mice were injected 
intravenously with 0.09 ml. in the lateral tail vein. Prior to inoculation 
the site was moistened with alcohol, to serve as an irritant and bring the 
vein into prominence. The animal was held in a specially designed animal 
board (shown Fig. 1 ). The mouse, suspended by the tail, is lowered into 
the corrugated paper cone. Its tail is then threaded through the hole in 
the mouse board and the corrugated cone fitted tightly into the wooden 
form. The mouse is thus immobilized and the worker’s two hands are 
freed to conduct the inoculation. A control mouse was injected with a 
portion of the same material which had been detoxified by exposure to a 
boiling-water bath for 10 minutes 


Tail 
orifice 


Fig. 1. Mouse board for lateral tail vein inoculation (after Mirone 


The guinea pigs were injected subcutaneously with 0.5 ml. between 
the hind legs. For inoculation the animal was held on its back. The same 
toxin culture was used for both mice and guinea pigs. 

The minimum lethal dose for mice was determined by diluting the 
toxin with physiological saline as follows: one to 100, one to 10,000, one 
to 1,000,000, and one to 100,000,000, Detoxified controls were also run. 
Observation was for seven days. 

Attempts were made to recover the organism from sterile soil, and 
soil in situ. Ten ml. of detoxified culture were poured onto 100 gm. of 
sterile soil and thoroughly mixed. In the in situ study the detoxified cul 
ture was poured onto the ground and mixed to a depth of about eight 
inches, and soil samples taken 36 hours later 

The soil enrichment method used was adapted from Waksman (1927) 
A 30-gm. soil sample was mixed with 100 ml. of sterile physiological saline. 
This mixture was shaken 100 times at an angle of 45° and swirled. Ten 


| veda 
| | 
| 
le 
| | | 
Mouse i 
eee 
| 
fabs 
+) 


456 R. E. MORSE, J. J. POWERS, AND C. J, WILLIAMS 


ml. of the supernatant liquid were pipetted into each of two test tubes 
and exposed to a boiling-water bath for 10 minutes to destroy vegetative 
cells. After shock-cooling in ice water, two ml. were pipetted into 18 mi. 
of sterile CSLC, mixed, and incubated 10 days at 34°C.(93°F.). Contents 
of tubes showing growth were transferred into sterile tubes and centri- 
fuged at 1,500 r.p.m. for 15 minutes. The supernatant liquid was used for 
inoculation as described above. 

Another study was made to determine the minimal spore concentration 
recoverable from the soil, using CSLC and mice. Spore counts were made 
on a culture according to Miller, Garrett, and Prickett (1939), who used 
pork agar in Prickett tubes. Spore concentrations were 100, 1,000, 10,000, 
100,000, and 1,000,000 spores per gm. of sterile soil. Previous to admixture 
with the soil the culture was placed in a boiling-water bath for 10 minutes 
to inactivate vegetative cells. The treated soil was then run through the 
routine test. 

Finally, samples of soil were collected from various parts of Georgia 
and from various soil types and locations, including virgin forest, orchards, 
and fields under cultivation. During the summer of 1948, 147 samples were 
collected, and five samples during the fall of 1949. 


TABLE 1 
Vinimum Lethal Dose of Toxin 


No. of 
Toxin dilution 


Undiluted 

Control 

One to 
Control 

One to 10,000 
Control 

One to 1,000,000 
Control 

One to L00,000,000 


Control 


RESULTS 
Both CSLC and BIIPD were found to support growth and toxin pro- 
duction of Clostridium botulinum. Toxin production was found to be 
slightly more rapid on CSLC. The serious disadvantage of BHPD is the 
time and effort involved in its preparation; seven days are required for 


preparation, while only about two hours are needed for CSLC medium, 
All animals tested in the comparison between guinea pigs and mice 
died, and the controls were unaffected. The mice usually died one to four 


hours earlier than the guinea pigs. 

Results of the study to determine minimal lethal dose for mice are 
shown (Table 1). The minimal dose was found to be between dilutions 
of one to 1.000.000 and one to 100,000,000. 

In the attempt to recover known cultures from sterile soil and soil 
in situ, the sample mixed with sterile soil proved positive, while that in 


soil im sit proved negative 
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In the study to determine the minimal number of organisms required 
to be present in soil before a positive response was elicited to the CSLC- 


mouse test, it was found that 100,000 spores per gm. of soil were required. 
Results are shown (Table 2) 


TABLE 2 
Number of Spores Required for Recovery From Soil 


' No. of No. of 
No. of spores in soil animals deaths 


pergm 
Control 
1,000 
Control 
10,000 
Control 
100,000 
Control 
1,000,000 
Control 


Of the 152 soil samples analyzed, only one positive was found. Upon 
testing with Antitoxin AB it was found to belong to this group. 


DISCUSSION 


The method of testing soil samples for the presence of spores of Cl. botu- 
linum, using CSLC medium and mice, appears to be a satisfactory one. 
The medium can apparently be applied to mice or guinea pigs with equally 
satisfactory results. Previous workers have shown that BHPD is better 


adapted to guinea pigs than to mice. The combination of CSLC with mice 
seems to be slightly better than this medium with guinea pigs. 


Possible explanations for the failure of the method to recover known 
cultures from soil in situ are selection of an incorrect environment, which 
might inelude unfavorable pH, deficiency of symbiotic organisms, and an 
incorrect time interval to set up anaerobic conditions. At any rate, it seems 
to be difficult to recover a known culture which has been maintained under 
laboratory conditions, after mixing it with soil under natural conditions. 

Of the 152 samples of soil analyzed only one positive was found; this 
compares with the study of Mever and Dubovsky (1922b), who found none 
out of seven examined, 

SUMMARY 

A method of analyzing soil samples for the presence of spores of Cl. 
botulinum, using corn steep liquor-casein medium with the mouse as the 
test animal, is presented. 

Using this method it was found that 100,000 spores per gm. of soil were 
required for positive results. 

The toxin produced using the above method could be diluted one to 
1,000,000 and still give positive results. 

A positive test was achieved from inoculated sterile soil, but not from 


soil mm situ. 
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Of 152 soil samples collected in Georgia, one positive sample was recov- 
ered which proved to belong to Group AB of Cl. botulinum, 
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Monosodium glutamate is today widely used in meat and fish products, 
soups, seafoods, vegetables, and cereals to enhance natural flavor elements 
and contribute satiety value. This white, crystalline substance apparently 
possesses no odor when pure and only a mildly sweet-salty taste, but con- 
tributes to foods to which it is added certain elements of taste feeling that 
make it unique as a flavoring agent. 

Although the literature abounds with descriptions of the manufacture, 
properties, and utilization of glutamate in foods, few reports discuss its 
effect on primary taste sensation. 

Cairncross and Sjéstrém (1948) found that in tests with aqueous solu- 
tions ‘‘glutamate appears to be more salty than salt at the 0.1 to 0.2 per 
cent level (subthreshold level of salt) and at threshold levels glutamate 
adds some saltiness to salt solutions. Above threshold, saltiness of salt 
solutions is not greatly increased by adding MSG.’’ The authors do not 
state whether the threshold values referred to are literature-derived stand- 
ards or whether they were determined for the particular judges employed 
in the tests. 

Galvin (1948), having noted that salt plays an important role in the 
glutamate effect, made a series of observations on aqueous solutions in 
which the glutamate concentration was varied between 0.05 and 1.0 per 
cent (0.003 and 0.058 M), while the salt concentration was varied from. 
0.25 to 1.0 per cent (0.042 to 0.168 M). He reported that at the lowest 
salt level, glutamate concentrations from 0.05 to 0.25 per cent (0.003 to 
0.015 M) had noticeable normal glutamate tastes, whereas those of 0.5 and 
1.0 per cent (0.03 and 0.06 M) had a distinct and very prominent sweet- 
ness, Which overshadowed the normal glutamate character. In 0.5 per cent 
(0.084 M) salt solution, the normal glutamate effect was present through- 
out all concentrations of glutamate observed, except the highest (1.0 per 
cent, 0.06 M), which showed additional sweetness. At the highest salt level, 
the lower concentrations of glutamate had a normal glutamate taste and 
the saltiness of the solution was materially diminished, but when 1.0 per 
cent (0.06 M) glutamate was used no reduction of saltiness was noted, 
although the glutamate taste was a normal one. 

Jacobs (1948) found that when a solution of salt and glutamate in 
which the salty taste predominated was diluted, the glutamate taste ap- 
peared. Cairnecross and Sjoéstrom (1948) also studied the enhancement of 
sweetness and saltiness in foods and reported that glutamate accentuated 
sweetness when the latter was near its ‘‘optimal value,’’ but at higher 
values had no great effect. Similarly, when farina and mashed potatoes 
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were salted with 75 per cent of the ‘‘optimal amount of salt,’’ 0.1 to 0.2 
per cent monosodium glutamate could supply the remainder, but glutamate 
alone could not adequately supply salt value to these foods. 

It is difficult to find complete agreement among results of previous in- 
vestigations. The reports undoubtedly reflect differences in interpretation 
and usage of terms, in sensitivities of the judges employed, and in testing 
techniques. Further investigation of the effect of glutamate on primary 
taste sensations seems necessary, not only to help clarify glutamate’s mode 
of action but also to test its enhancement of sucrose sweetness and sodium 
chloride saltiness. 

The study reported here comprises experiments in which supraliminal 
sucrose and sodium chloride solutions containing subliminal concentrations 
of monosodium glutamate (MSG) were presented to eight experienced 
judges of tested sensitivity. The resulting data were subjected to statistical 
analysis. 

EXPERIMENTAL PROCEDURE 

The judges used in the study were drawn from the personnel of the 
Department of Food Technology at the Massachusetts Institute of Tech- 
nology. The panel was composed of three women and five men, of whom 
four were non-smokers and four smokers. All judges were experienced in 
food judging and prior to this study had taken part in an extensive series 
of threshold tests and in other projects involving monosodium glutamate. 

Preliminary tests were conducted to establish subthreshold values for 
glutamate. It has recently become customary to determine individual taste 
sensitivity for a particular substance by presenting the judge with a series 
of solutions in increasing order of concentration, and accepting as his 
‘‘threshold’’ that lowest concentration of the solution the taste of which 
he ean positively identify. This method is undoubtedly expedient; but loss 
of the original concept of the term ‘‘threshold’’ and the tendency to report 
such ‘‘thresholds’’ on the basis of a single trial have made for confusion 
and lack of consistency in the literature. 

A test of this type is of little use with glutamate. Dilute solutions of 
this substance produce different taste reactions in different individuals, so 
that it is difficult to affix the end point of positive identification. To meet 
this latter problem, triangle tests, Helm and Trolle (1946), were carried 
ont in which one 10-ml. sample of glutamate solution was matched with 
two similar samples of distilled water. The judges were asked to select 
the odd sample of each triangle in a series of tests utilizing four different 
levels of glutamate. The glutamate threshold for the panel was taken as 
the concentration of that glutamate solution which, in repeated trials, 
could be distinguished successfully from water. In 24 tests with each of 
the four glutamate levels, the instances in which the odd sample was identi- 
fied were as follows: 


Glutamate Instances of 


concentration identification 
Oo0005 M 
0.0010 M 12 
O.0015 M 16 


0.0025 M 22 
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The ratio of eight to 24 in the identification of the 0.0005 M glutamate 
solution is equal to the one-third ratio expected by chance in the triangle 
type of test. The identification ratio of 12 to 24 for the 0.0010 M glutamate 
solution does not differ significantly from this chance ratio at the P == 0.05 
level, Snedecor (1946). On the other hand, the identification ratios of 
16 to 24 and 22 to 24 for the solutions containing 0.0015 and 0.0025 M 
glutamate, respectively, are greater than the result of chance (P == 0.05) 
and indicate a degree of consistent recognition by the panel. 

In accordance with these results and the arbitrary definition of ‘*thresh- 
old’’ given above, 0.0005 and 0.0010 M glutamate solutions were selected 
for use with this panel, as representing subliminal concentrations of mono- 
sodium ghitamate. 

On the basis of previous tests with a modification of the U.S.D.A, (1943) 
threshold test in which these judges had participated, it was possible to 
select concentrations of sugar and salt that were known to be slightly above 
threshold level for all the judges and that would be consistently recognized 
as definitely sweet or salty in taste. Solutions of the following conventra- 
tions were employed: sucrose, 0.036 M, 0.044 M, and 0.052 M; sodium 
chloride, 0.023 M. 

Domino Brand pure cane sugar and Accent Brand monosodium gluta- 
mate were used in making the solutions. Doubly distilled water prepared 
in an all-glass apparatus was used throughout. 

The tests were conducted in midmorning and midafternoon, at least 
one hour after the judges had eaten. No attempt was made to control 
smoking. The triangle type of test was used, Helm and Trolle (1946), 
the solutions being served in approximately 10-ml. portions in identical, 
coded beakers. Each triangle consisted of one sample of a pure solution 
(either sucrose or sodium chloride) and two samples of a mixed solution 
containing glutamate or, instead, two samples of a pure solution and one 
sample of a mixed solution. The mixed solutions were equal to the pure 
solutions with which they were matched, in concentration of sugar or salt, 
respectively, but contained, in addition, either 0.0005 or 0.0010 M of glu- 
tamate. The judge was asked to select the odd sample and, if successful, 
to tell whether it was more or less concentrated in sweetness or saltiness 
than the two identical samples. At each test period, three triads were 
judged, consisting either of all sweet or all salt solutions and utilizing the 
same level of glutamate throughout. After preliminary trials, each test 
was given to the eight judges three times, making a total of 24 judgments 
in each set. 

The data so obtained were analyzed to determine whether the results 
differed significantly from those expected by chance, Snedecor (1946). As 
is customary in this type of calculation, one-third of the number of ‘‘no 
difference’’ judgments was added to the number of correct identifications, 
and two-thirds to the number of incorrect identifications. These adjusted 
scores were used throughout the subsequent analysis. 

RESULTS AND DISCUSSION 
The test data are summarized (Table 1). Examination of the results 


shows that the three samples were judged as indistinguishable in 22 per 
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cent of the sucrose tests and in 15 per cent of the salt tests. These figures 
are high, in view of the fact that the judges were aware that each triad 
contained one odd sample. They may be interpreted as not only affording 
evidence of the judges’ freedom from bias but also as an indication of the 
ineffectiveness of glutamate in enhancing sweetness or saltiness in many 
of the instances involved. 

TABLE 1 


Judgments in Triangle Tests With Pure Solutions of Suscrose or Sodium Chloride 
and Mized Solutions Containing Monosodium Glutamate 


Sugar } Judgments Score 
or salt MSG in | 7 - 
in pure mixed | | No Correctly Ps | Chi 
solution solution | Total | difference | identified Adjusted’ | Chance? square® 
M M 
Suerose series | 
0.036 0.0005 24 17 «(0.0075 
0.044 0.0005 | 24 8 | 4 8 | 0.1200 
0.052 0.0005 24 8 4 | 0.1200 
0.036 0.0010 | 24 9 10.0 | 8 0.4200 
0.044 0.0010 24 4 7 83 | 8 0.0075 
0,052 0.0010 24 3 7 8.0 8 | 0.0000 
All sugar series | 144 31 37 47.3 48 0.0008 
Sodium chloride 
series | 
0.023 0.0005 24 5 5 | 6.7 8 0.1200 
0.023 0.0010 24 2 9 9.7 s 0.2700 
All salt series 48 7 14 16.3 16 0.0025 


1 Correctly identified judgments plus one-third of the number of no difference judgments 


2 The chance score expected in a triangle type of test. 
* Chi square 3.841 at the P 0.05 level, Snedecor (1946). 


Further proof of glutamate’s failure in this respect is apparent when 
the identification scores for the combinations tested are examined. The 
adjusted score in every case is close to eight, the pure chance result for 
the selection of one alternative out of three in 24 trials. The adjusted 
score for all the sugar-glutamate combinations together is almost identi- 
cal with that satisfying the chance rule (47.3 vs. 48). The adjusted score 
for all the salt-glutamate combinations together, when compared with the 
value expected by chance (16.3 vs. 16), shows a similar relationship. Con- 
clusive evidence lies in the chi-square values, inasmuch as not one of these 
approaches the value required for significance (3.841 at P 0.05). 

It may be stated, therefore, that concentrations of glutamate (0.0005 
and 0.0010 M) that are just subliminal do not enhance or depress the 
sweetness of sucrose solutions (0.036, 0.044, and 0.052 M) or the saltiness 
of sodium chloride solutions (0.023 M) that are just above threshold. 

Althow®h the number of correct identifications is not significant, an 
analysis of their distribution is revealing. A comparison is given (Table 2) 
for those instances in which the odd sample was correctly distinguished 
from the two similar samples in each triad. In each instance the pure 
solution has been used as the basis for the comparison, whether it was the 
odd sample or the two similar samples. The scores (Table 2), therefore, 
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indicate whether the judges considered the mixtures as sweeter than (or 
saltier), or not so sweet as (less salty than), the pure solutions, or as having 
a taste like MSG. 

A casual examination of the data in the fourth column (Table 2) might 
lead to the conclusion that glutamate enhanced the sweetness of the sucrose 
solutions. Application of statistical analysis is necessary for a sound inter- 
pretation. For this purpose, the 10 instances in which the sucrose-gluta- 
mate mixtures were reported as being neither sweeter nor less sweet than 
the pure solutions, but “‘like MSG,’’ and the six instances in which the 
salt-glutamate mixtures were reported as ‘‘like MSG,’’ were divided be- 
tween the other two flavor categories in each case, before analysis. 


TABLE 2 
Analysis of Correct Identifications 


MSG level Score 
0.0010 M Total Adjusted! 


Series and identification 
0.0005 M 


Sucrose series | 


Total odd samples identified j i 23 37 37 

Mixtures vs. pure solutions 

As sweeter il 

3 13 
9 


Salt series 
Total odd samples identified 
Mixtures vs. pure solutions 
As less salty... 
Like MSG 
1 Total score ‘like MSG” distributed equally between total scores for sweeter and less sweet, or 
saltier and less salty, respectively. 


7 


The total scores thus adjusted show that for the sucrose series the mixed 
solutions were, judged as sweeter than the pure solutions in 24 instances, 
and as less sweet in 13 instances. In the salt series the adjusted scores 
were seven for ‘‘saltier’’ and seven for ‘‘less salty.’’ The judgments of 
sweeter as opposed to less sweet, and saltier as opposed to less salty, are 

0.05). This 
would indicate that even in those instances where the addition of glutamate 
brought about a detectable change in the taste of the pure solution, the 
change was not necessarily in one direction, that is, toward augmenting 
the original taste, but was rather only a difference. The large number of 
‘‘like MSG”’ judgments would point to the conelusion that this difference 
was the addition of monosodium glutamate taste itself, that is, largely 
‘*taste feel.’’ 

In this study, the glutamate threshold for the judging panel has not 
been determined, but the information provided by the preliminary experi- 
ments on glutamate shows a range of concentrations within which the 
threshold should lie. This range is from 0.0010 to 0.0015 M glutamate. 
Crocker (1948) states that monosodium glutamate is detectable in con- 
centrations as low as 0.03 per cent (0.0018 M) and strong at 0.5 per cent 
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(0.028 M), Sanders (1948) has reported the value 0.0037 M as being close 
to, but somewhat above, the threshold and has stressed the need to express 
thresholds as ranges rather than discrete values. 


SUMMARY AND CONCLUSIONS 


Eight experienced judges of tested sensitivity were used to determine 
the possible enhancement of supraliminal sweetness (0.036, 0.044, and 
0.052 M snerose) and saltiness (0.023 M sodium chloride), by subliminal 
concentrations of monosodium glutamate (0.0005 and 0.0010 M). 

Under the conditions outlined and in the dilutions employed, mono- 
sodium glutamate had no significant effect on the taste of pure sucrose 
and sodium chloride. In those several cases where a change in taste was 
observed, the taste appeared to be that of *‘glutamate’’ per se, rather than 
additional sweetness or saltiness. 

Threshold values for monosodium glutamate were found to be between 
0.0010 and 0.0015 M for the eight judges employed. 
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Frank cases of pellagra are not common in Puerto Rico. Sudrez (1939) 


reported 13 typical cases of the disease, of which 11 were chronic alcoholics 
and only two were endemic cases. However, this same investigator states 
that subclinical cases of pellagra have been frequently observed among his : 


patients. After studying the nutritional status of a typical Puerto Rican 
rural community, Robinson and Suérez (1947) found that 77 per cent of 
the subjects failed to receive the minimal amount of niacin needed in their . 
diet, while 53 per cent had less than one-half the recommended allowance. 
In this last group, clinical evidence of niacin deficiency was exhibited by 
26 per cent of the subjects who were suffering from some degree of in- 
flamed papillae of the tongue, while 22 per cent showed mild signs only. 
These authors concluded that, although the deficiency was not as serious 
as some of the others observed in this group, it was, nevertheless, fairly 
widespread. There were a few cases of apparently healed pellagrous skin 
lesions, but no active case of this disease was seen. 

The Committee on Food and Nutrition of the National Research Coun- 
cil (1948) has recommended a daily allowance of 15,000 pg. of niacm for 
a moderately active man. The average Puerto Rican rural basic diet is 
principally composed of rice, beans, root crops, dried cod fish, plantain, 
and a small amount of meat and milk. On the basis of data reported 
here, this basic diet alone, without meat or dairy products, supplies about 
11,250 pg. of niacin per 3,000 calories, which value is not far below that 
recommended by the National Research Council (1948) for an average 
active man. 

If one considers that these standards are more than liberal for Puerto 
Ricans, as has been pointed out by Robinson and Suarez (1947), because 
Puerto Ricans are of lower stature and slighter weight than the econti- 
nental subjects for which they were devised, it can be concluded that the 
Puerto Rican basic diet, though somewhat deficient in niacin, is not danger- 
ously low in this nutritional factor; provided, of course, that the adequate 
zmount of calories are consumed. 


MATERIAL AND METHODS 


Practically all the foods assayed were purchased at various local mar- 
kets or from street vendors in the San Juan-Rio Piedras area and are, 
therefore, representative of what the consumers buy. 
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Niacin was estimated by the microbiological procedure of Snell and 
Wright (1941), slightly modified. This modification consisted in substitut- 
ing enzymatic, hydrolyzed casein for the acid, hydrolyzed casein used in 
the original method, thus permitting the titration of the tubes in a period 
of 24 hours. A standard reference trial was run with each batch of me- 
dium so as to eliminate any variations due to medium composition. Each 
sample assayed was tested at four different levels, using duplicate tubes 
in each level. 

The vegetables have been tabulated with the scientific nomenclature 
accorded to them by Britton and Wilson (1932). The common English 
names used are those recorded by the last named authors, or by Otero, 
Toro, and Otero (1945). 


SUMMARY 
The niacin content of 88 articles of food important in the diet of 
Puerto Rico and neighboring islands was determined by the microbio- 
logical method. 
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Kale has been neglected as a vegetable because many people do not 
like its characteristic flavor. Furthermore, its texture is often referred 
to as ‘‘tough.’’ Tressler and Evers (1947) stated that frozen kale may be 
tough and stringy. Smart and Brunstetter (1937) reported that kale was 
less changed by freezer preservation in color, flavor, and texture than were 
other vegetables. The wide popularity of kale in the South gives hope 
that once kale has been accepted, it will become well-liked. In view of 
the fact that the nutritive value of kale is outstanding, its productive sea- 
son relatively long, and its cultivation easy, it seems worthwhile to make 
this vegetable acceptable to more people. Improvements in palatability 
may be possible through selection of more desirable varieties, maturity 
and methods at harvesting, storage, preparation, freezing, freezer-storage, 
and cookery. 

According to Thompson (1949), kale varieties grown in the United 
States belong to two groups, Scotch and Siberian. Greenwood and Salerno 
(1949) found that Dwarf Blue Seotch Curled and Siberian were well- 
liked, Dwarf Green Seotch Curled was liked less, and Tall Green Scotch 
Curled the least. Kale (125 gm.) cooked in medium (312 gm. left) to 
large (600 gm. left) amounts of water was preferred in general to that 
cooked in a small amount (25 gm. left). Short (four minutes) or medium 
(six minutes) cooking times were preferred over long (nine minutes) 
periods of cooking, but there was a seasonal trend, in that longer cooking 
was preferred early in the season. No significant differences were found 
in the flavor scores for kale cooked in water, covered or uncovered, but 
steamed kale was intensely disliked because of its strong, bitter flavor. 


PURPOSE 


The purpose of the present project was to study: (1) The nature of 
toughness and stringiness in kale of four varieties, and to find objective 
methods of measuring these quality characteristics; (2) the tenderness and 
stringiness of the different botanical parts; (3) the effect of light frost 
and of long freezing in the field on the palatability of kale, specifically on 
toughness and stringiness; and (4) the effeet of home freezing procedures 


‘Resident Doctor, 1949, while on sabbatical leave from Hampton Institute, Hamp 


ton, Virginia. 
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and freezer-storage on the palatability of kale, specifically on toughness 
and stringiness. 
TERMINOLOGY 

In this report toughness refers to an undesirable degree of firmness of 
all tissues; stringiness refers to a tendency of certain tissues in the midrib 
and veins to hang together in strands. 

Structurally, a leaf may be divided into three major regions: (1) The 
epidermis, an impervious layer of cells which covers the entire surface of 
the leaf and which, in kale, possesses a cuticle; (2) the mesophyll, which 
is essentially parenchymatous in nature and differentiated into palisade 
and spongy cells; and (3) the veins, which resemble the vascular bundles 
of the stem, the middle vein being referred to as midrib. Associated with 
the vascular elements in the veins are specialized tissues serving as me- 
chanical supports of the blade. These mechanical elements are sclerenchy- 
matous in nature and more or less strong and hard (Fig. 1). The veins 
branch extensively and become progressively smaller, containing fewer 
vascular elements until they become very fine veinlets. Ultimately, the 
divisions of the conducting strands encircle minute areas of the photosyn- 
thetic tissue, the so-called vein islets. The fine vascular strands that make 
intricate contact physiologically with these vein islets lack the scleren- 
chyma normally associated with the larger bundles, Eames and Mac Daniels 
(1947). The leaves of kale are net-veined. 

Toughness of the blade is concerned with the firmness of the epidermis, 
the mesophyll, and the veins. In palatability tests, it is almost impossible 
to discriminate between the texture of the area between the veins and that 
of the veins. Differentiation between toughness and stringiness of the 
veins is also extremely difficult. Stringiness is more apparent when the 
texture of the surrounding mesophyll is soft, because of the contrast. 

The sensation of stringiness in cooked kale can, theoretically, be brought 
about in several ways: (1) The veins may be unusually strong; the charac- 
ter of the vascular elements, xylem, phloem, and the supporting mechanical 
tissue, would therefore deserve study ; (2) the mesophyll tissue between the 
larger veins may be particularly tender or even soft, thus making the net- 
work of the veins appear unpleasantly prominent and ‘‘stringy,’’ although 
the veins themselves may not be particularly strong; (3) the network of 
larger veins may be closely woven. In the latter instance, the area of leaf 
tissue would contain a relatively large amount of coarse fiber. Stringiness 
of the midrib can be more easily recognized as a separate characteristic 
than can toughness. The ‘‘strings’’ can be more or less isolated, in that 
the judge may pull the test piece through the teeth, thus feeling the strings 
more acutely (in fact, he ean even see them). 


” 


HISTORY OF KALE 

The following purebred varieties were used: Smooth Kale or Spring 
Sprouts (Hannover Salad), Long Seasons Kale, Late Seeding Curled Sibe- 
rian, and Dwarf Blue Curled Scotch Kale.2. The planting date was August 


* The seed was a gift from G. Tait, Norfolk, Virginia. According to H. C. Thomp 
son (oral communication), the first three varieties belong to the Siberian type. 
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STUDIES ON FACTORS AFFECTING TOUGHNESS OF KALE 


Fic. 1. Part of cross section through major veins of medium leaves of four varie- 
ties of kale showing (1) xylem, (2) phloem, ( 3) seclerenchyma, and (4) parenchyma. 
a. Smooth Kale; b. Long Seasons; e. Curled Siberian; d. Dwarf Blue Curled Seoteh. 
Stained with phloroglucin. X 210, 


3, 1949. The plants were grown in randomized plots on Dunkirk gravelly, 
sandy loam in the test gardens of the Department of Vegetable Crops, 
College of Agriculture, Ithaca, New York.® The land had received 20 tons 


* Thanks are herewith extended to Dr. Pau! Work for his cooperation 
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of manure and 1,500 pounds of 5-10-10 fertilizer per acre. The plot re- 
ceived the routine care given to the test garden. It was irrigated ¢ ring 
the hot and dry part of the growing season. 

Two light frosts of minmum temperatures of 0°C.(32°F.) and of —1°C. 
(30°F.) preceded the day (October 12) on which the samples were har- 
vested which were used for the study on the effect of light frost on palata- 
bility of kale. No snow fell before that date. Kale used for the study on 
effect of heavy and prolonged frost was left in the field until December 5. 
The plants were exposed to freezing 28 times: To minimum temperatures 
of from 0 to —1°C.(32 to 30°F.) nine times; of from —1.5 to —6.5°C.(29 
to 20°F.) 13 times; of from —7 to —12°C.(19 to 10°F.) five times; and of 
from —12.5 to —18°C.(9 to O°F.) once. During the period from August 3 
to December 5, snow covered the ground for only 10 days. The maximum 
depth of snow was two and one-half inches.‘ Beginning September 12, 
young leaves were tagged when they unfurled. Since the rate at which 
plants grow and mature varies with inherent and environmental conditions, 
the tagging merely served the purpose of comparing ‘‘young,’’ ‘‘medium,”’ 
and ‘‘old’’ leaves within a variety, and corresponding leaves of different 
varieties. The fact that kale is a cross-fertilizing plant increased the chances 
for variation between plants of the same variety. In experiments for com- 
paring varieties, ‘‘medium’’ leaves were used which had, on the average, 
unfurled about three to four weeks prior to cutting. An exception was 
the leaves harvested from under the snow, which had been tagged six weeks 
prior to testing. Very little growth oecurred during that period and the 
three-weeks-old leaves were too small to be used for certain tests. 

Photographs of a leaf for each of the four varieties are presented ( Fig. 
2). Smooth kale has smooth, sparsely-veined leaves. The leaves of Long 
Seasons are larger but also smooth and sparsely veined. Curled Siberian 
has leaves with delicately curled rims. The centers of the blades are heavily 
veined, while the edges are quite finely veined. Dwarf Blue Curled Scotch 
is the most curled of all varieties; the leaves feel hard to the touch and are 
densely veined, except in the outer, extremely curly portion of the blade. 


PROCEDURES 

Sampling: All leaves were cut in the morning. A maximum of two 
leaves was cut from one plant. All leaves used were of similar age. They 
were brought to the laboratory and washed. Those that had been frozen 
in the field were allowed to thaw slowly in ice water. 

Preliminary treatment in each study was as follows: The midribs were 
eut out, beginning from the tip, at the point where the midrib assumed a 
thickness similar to that of the largest vein of that particular leaf. The 
piece of the midrib used was three inches in length. It seemed unlikely 
that the homemaker commonly leaves more than two inches of midrib with 
the blade, in kale prepared for the table. Often she strips the leaves 
entirely from the midribs. The blades of the kale to be used for palata- 
‘Information on freezing temperatures and on snowfall during the months of Octo 


ber, November, and early December was furnished by the Department of Agronomy at 


Cornell University (Caldwell Field Station). 
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Fic. 2. Medium leaves of kale varieties studied: a. Smooth kale; b. Long Seasons; 


«. Curled Siberian; d. Dwarf Blue Curled Seotch kale. 


bility tests in this study were cut into approximately one-inch squares; 
the midribs were left in the three-inch lengths. 

The samples to be used on the Warner-Bratzler shear apparatus were 
prepared by cutting pieces four by one inches from each half of the leaf 
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adjacent to the midrib. The pieces were stacked so that the tip and stem 
ends alternated, and were tied with string. Of the two samples cut from 
each of 20 leaves, one was used in one stack; the other in a second stack 
which served as a replicate, 

The midribs were bundled in lots of 10, tips together. It was hoped 
that the shear values taken on the tip of the midribs would give an indica- 
tion of the relative hardness of the main veins, and thus might show in 
which varieties the removal of the midribs prior to cooking is advisable. 

Cooking: The kale was boiled in water in a covered enamel pan. The 
amount of water varied according te the purpose of the experiments. For 
palatability tests, 250 ml. of water were used for 175 gm. of prepared, 
fresh kale. Boiling time was six minutes. 

For frozen kale, 120 ml. of water were used with 175 gm. of vegetable. 
Boiling time depended on length of blanching time, but for sake of com- 
parison, the total boiling plus blanching time was always six minutes, Since 
the water was not sufficient to cover the kale, the kale was turned in the 
middle of the cooking period. 

Samples, fresh or frozen, to be tested on the modified Warner-Bratzler 
shear apparatus, were dropped into a kettle containing sufficient amounts 
of rapidly boiling water to cover them well. The relatively large amount 
of water was used to aid in rapid and uniform penetration of heat into the 
center of the somewhat bulky samples. In cooking the fresh samples, ap- 
proximately 15 seconds were required for the water to resume boiling, and 
approximately 35 seconds in cooking frozen samples. The kale was turned 
once during the cooking period. The cooked kale was chilled upon removal 
from the kettle, to stop the action of heat and to, insure uniform rate of 
cooling: Cooking time for the fresh kale was six minutes and for the frozen, 
four and one-half to one and one-half minutes, depending upon the blanch- 
ing time used. 

Freezing Procedures: For palatability tests, kale in 350-gm. lots was 
blanched in 6,000 ml. (24 eups) of water for one and one-half minutes and 
also for four and one-half minutes. After chilling in iced water the kale 
was weighed and equal weights were packaged in two moisture-vapor-resist- 
ant, cellophane-lined, waxed cartons. They were frozen in a home freezer 
set at —20°C.(—4°F.) and stored at —18°C.(0°F.) until used, after seven 
and after 12 weeks. 

For shear tests, the kale was treated as described above, except that the 
four by one inch pieces were tied together. 

Palatability Tests: Palatability tests were made by a panel of at least 
four competent judges. Scoring was done on a basis of 10. Color and fla- 
vor carried ratings of extremely good (10), very good, good, plus, medium, 
minus, fair, poor, very poor, and extremely poor (1). Stringiness of blade 
and of midrib rated no trace (10), trace, slight, plus, medium, minus, fair, 
stringy, very stringy, and extremely stringy (1). Tenderness of midrib was 
scored extremely tender (10), very tender, tender, plus, medium, minus, 
fair, tough, very tough, and extremely tough (1). In rating tenderness of 
blade different scores were used, according to whether information on de- 
gree of tenderness or preferred tenderness was sought. In assigning scores 
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for tenderness on the basis of preferred tenderness, allowance was made 
for the fact that a medium tenderness is probably liked best. Medium ten- 
derness was given the highest score (9.5); next were slightly tough and 
slightly soft (7.5) ; fairly tough and fairly soft (5.5); very tough and very 
soft (3.5); and mushy (1.5). When information on degree of tenderness 
was sought, greatest tenderness was given the highest rating and greatest 
toughness was given the lowest. 

Objective Tests on Toughness and Stringiness, Combined: In objec- 
tively testing the tenderness and stringiness of samples, the Warner-Bratz- 
ler shear apparatus was chosen. It was used to study possible effects of 
freezing weather, of home freezing, and of freezer-storage on texture. 

The instrument, which is devised to indicate the shearing stress in 
pounds, proved to have too little sensitivity, and, as a result, very low 
readings were obtained with cooked kale. Therefore, the instrument was 
modified by substituting weaker springs for the original ones. As a result, 
the unit of measurement was changed from 453.6 to 77 gm. 

Samples to be tested by shearing were prepared as described above, 
boiled, and chilled. Each stack of blades was sheared three times, at one- 
inch intervals. The midribs were sheared twice, one-half inch and one 
and one-half inches from the tip. 

Objective Tests on Toughness: Since palatability and shear tests in- 
volved the mesophyll, epidermis, and veins, it seemed advisable to also 
treat relative tenderness and stringiness as separate factors and to devise 
tests for them. To test tenderness of the mesophyll and epidermis, a small 
instrument was necessary which would more or less exclude the possible 
interference of at least the larger veins. It should be remembered, how- 
ever, that due to the extensive branching of the veins into finer veins and 
veinlets, the mesophyll was permeated with these fine endings. Therefore, 
in piercing the mesophyll between the obvious veins, danger of hitting a 
more or less large number of veinlets existed. With this in mind, a needle 
penetrometer was used first. A variety of needles was tried and numerous 
tests made on stacks of 10, 20, and more small rounds of tissue that had 
been cut from between the obviously visible veins of cooked kale leaves. 
Results were extremely variable and therefore unsatisfactory. Some of the 
difficulties were the following: In a very tough variety none of the layers 
was pierced, but the layers were pushed together by the weight of the 
needle. This was expressed as a ‘‘reading”™’ on the penetrometer scale, 
although actually no penetration had taken place. In another variety, the 
needle penetrated easily through all layers. In a third, in which the meso- 
phyll seemed soft, but in which even the small veins seemed strong and 
stringy, the needle was sometimes caught by, or found resistance to going 
through one or the other of these ‘‘strings.’’ This happened at almost any 
point of penetration of a stack of many layers; as a result, the readings 
were variable, unreliable, and meaningless. 

Another puncturing device which eliminated the stacking of several 
leaves was used next: A pressure tester of the plunger type which has 
been described by Culpepper and Magoon (1924), and a modification of 
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which has been used by Kramer, Haut, Scott, and Ida (1949),° for the 
determination of fibrousness in asparagus. The instrument is calibrated 
to express the pressure in gm. In this study, the blunt round head (12.6 
mm.* area) of a small nail was used for a plunger. The force needed to 
penetrate the islets between the veins was read in gm., and was then caleu- 
lated to express the pressure per sq. mm.* of surface (Table 1). Uncooked 
leaves were used in all tests, since the instrument was not sufficiently sensi- 
tive to be used on soft, cooked leaves. The leaf to be tested was held firmly 
and tautly in a small frame. Thirty readings were made on definite areas 
of each leaf, three medium leaves being used. Four varieties » °re tested. 
The results were treated statistically. 

Objective Tests on Stringiness: The vascular bundles of veins of cooked 
leaves were subjected to tensile strength tests. Twenty veins from five me- 
dium leaves of similar age, of four varieties of kale, were used. From each 
leaf, four veins were removed, two from the lower and two from the middle 
portion of the leaf. Sinee the veins branched frequently, a small section 
of vein one cm. long was removed from next to the midribs and prepared 
for the test. Separation of the vascular bundles from the surrounding par- 
enchymatous tissue, which was done under a binocular microscope, was an 
extremely tedious task. Usually several bundles were included in a strand. 

To determine the tensile strength of these small and delicate strands a 
special device was arranged. A Harvard tripp balance was raised on a 
ringstand. A 250-ce. beaker was placed on the right plate. A clamp was 
hung from the left arm of the scales and a second clamp attached to a 
ringstand was placed directly under the clamp attached to the balance, 
so that the vertical distance between the two clamps was one-half em. The 
scales were balanced. Tubing which had been attached to a carboy of 
water placed on a shelf above the seales, was clamped to a ringstand and 
mounted above the beaker on the scales. The tubing ended in a glass pipette 
which allowed 200 ml. of water to escape into the beaker per minute. A 
sample to be tested was fastened between the clamps, and the water allowed 
to run into the beaker until the sample snapped. The amount of water 
accumulated in the beaker was measured in ml. The mechanical resistance 
was then calculated, and expressed as strength per unit of area, namely, 
gm. of force required to break a strip of vascular area of one square mm. 
The results were treated statistically. The broken ends were saved and 
preserved in formalin-aceto-alcohol fixing fluid which contained five parts 
of formalin, five parts of glacial acetie acid, and 90 parts of 50 per cent 
ethyl alcohol. 

RESULTS AND DISCUSSION 

Objective Tests for Determining Tenderness of Blade (Uncooked): Ac- 
cording to variety means, Curled Siberian was significantly the most tender 
variety (Table 1). It was followed by Dwarf Blue Curled Scotch and Long 
Seasons, the differences between which were insignificant. Smooth Kale 
variety was significantly the least tender. The leaves of all varieties were 
significantly most tender at the tip and least tender near the base. In 


* Thanks are herewith extended to Dr. Amihud Kramer, of the University of Mary 
land, College Park, Maryland, for loan of the instrument. 
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Smooth Kale, Curled Siberian, and Dwarf Blue Curled Scotch kale the 
center portion was significantly less tender than the rim, but in Long Sea- 
sons, which is a large-leafed variety, the opposite was true. In palatability 
tests, the variety Dwarf Blue Curled Scotch received lower scores than the 
plunger test would indicate. This difference was more an apparent one 
than a real one, as explained later under tensile strength. The finding is 
at least partially explained in Fig. 2. This variety has leaves that are 
densely and heavily veined, except in the outer, curly rim, where the 
veining becomes fine. 


TABLE 1 


Tenderness of Four Varieties of Kale, Measured at Different 
Parts of Leaf With a Plunger 


Means of varieties 


Part of leaf Smooth Long Curled Dwarf Blue z 
Kale Seasons Siberian Curled Scotch Av j 
121.9 124.3 106.1 | 1142 116.6 
133.2 117.4 124.4 | 126.9 125.5 
119.4 | 121.4 101.9 | 106.9 1i24 
118.9 | 124.7 104.4 | 108.5 114.2 
127.5 126.7 111.9 126.9 123.3 
Upper center................ 130.0 116.1 124.2 | 129.7 125.0 : 
Lower center............... 136.4 118.6 124.7 | 124.2 126.0 
Variety means....... 126.4 121.5 113.4 119.3 120.2 
Tukey test the variety means ; 
Te = 2.0 Se 87/90 1.5 a= 42 
Order of variety means Differences 3 
113.4 Dwarf Blue Curled Scotch - 
Dwarf Blue Curled Scotch 119.3 Curled Siberian = 58 >d H 
321.5 Long Seasons — 
Smooth Kale ........ 126.4 Dwarf Blue Curled Scotch = 2.2 <d 
Smooth Kale — Long Seasons =49>d 


Tensile Strength Tests on Vascular Bundles of Veins, and Histological 
Observations: Results on the tests of tensile strength of vascular bundles 
removed from four veins of each of five medium leaves, from five different 
plants of four varieties, are presented (Table 2). Dwarf Blue Curled 
Seotch kale showed greater tensile strength values for vascular bundles 
than did the other three varieties. An analysis of variance on the readings 
for tensile strength showed that the values for different leaves from Dwarf 
Blue Curled Scotch were extremely variable. Therefore, a comparison with 
the other varieties on a statistical basis was not possible. Values of the 
other three varieties, however, were statistically analyzed. Smooth Kale 
showed significantly higher tensile strength than Long Seasons. Long 
Seasons, in turn, was significantly higher in tensile strength than Curled 
Siberian. 

Elements which are constituents of the vascular bundles in the veins 
and which, therefore, were involved in the tests for tensile strength, were 
xylem, phloem, mechanical (sclerenchymatous) tissues, and a relatively 
small number of cambial and parenchymatous cells (Fig. 1). Of these 
elements, the xylem, because of its lignification-—and the heavy-walled 
sclerenchyma—must have been the strongest one. Unfortunately, the xylem 
and sclerenchyvma are so intimately connected with the rest of the tissues 
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TABLE 2 
Tensile Strength of Vascular Bundles From Veins of Cooked Leaves 
(20 Readings of Each Variety) 


Mean tensile 
strength per 
ram." of vas- 
cular bundle variation 


| 

area | 


Source of 


Smooth Kale Total 2,090.6 
(Hannover) 7. Among leaves $83.1 
Error | 2,545.9 


Total 4,971.6 
Long Seasons 3104 Among leaves | 7,261.9 
Error f 4,360.9 
Total | 3,129.6 
Curled Siberian 210.8 Among leaves | 5,664.5 
Error | 2,453.7 
Dwarf Bine Total 131,504,1 
Curled Seoteh 958.7 Among leaves | 359,337.5** 
Error 70,748.6 


Tukey test the variety means 
T 2.0 Sm V = Sm V2 = 35.6 


Long Seasons — Curled Siberian = 99.6 >d 
Long Kaie — Long Seasons = 135.5 >d 


composing the vascular bundles that they could not be separated and tested 
independently. 

To find a histological basis for differences in tensile strength of vascular 
bundles from veins of different varieties, cross sections were made of the 
bundles. The sections were stained with phloroglucin and studied under 
the microscope, The sclerenchymatous tissues were given special attention. 
In no case other than that of the xylem was any lignification of tissues 
observed. Further work is desirable. 

In order to check whether tensile strength was related to stringiness, 
values for tensile strength tests were compared with palatability scores for 
freedom from stringiness (Table 3). There was, in general, good agree- 
ment between palatability scores on stringiness and tensile strength read- 
ings. The palatability tests showed that Dwarf Blue Curled Scotch was 
the stringiest and Curled Siberian the least stringy of the varieties tested. 
Palatability scores of Smooth Kale and Long Seasons, however, were almost 
alike; whereas, the tensile strength of the latter variety was lower than 
that of the former. This might be understood when consideration is given 
to the fact that it is more difficult for a judge to detect stringiness in less 
tender leaves than in tender leaves. In a tender, or soft leaf, stringiness 
is apt to be more obvious because of greater contrast. Long Seasons was, 
under the conditions of this experiment, found to be more tender than 
Smooth Kale, and may have been scored as more stringy because of the 
greater contrast between the texture of mesophyll and veins. 

Comparative Tenderness and Stringiness of Freshly-Harvested Kale, 
Tested Subjectively and Objectively Before Frost, After Light Frost, and 
After Heavy Frost: Palatability tests and tests on the Warner-Bratzler 


| 
480 
Vestas of | Mean square F value 
| 1.7 
| 
| 23 
j 
| 
| ~ 
| 
| 
| 


STUDIES ON FACTORS AFFECTING TOUGHNESS OF KALE 481 


shear apparatus were run in duplicate on the same day. On the shear, an 
increase in readings indicated an increase in shearing stress. Results are 


presented (Table 3). 
The caleulation of variance among readings within all blade samples 
sheared in this study showed that variance was highest in Dwarf Blue 


TABLE 3 
Effect of Light and Heavy Frost on Tenderness and Stringiness of Cooked Kale, as 
ar by Pelatability Scores and Sheer Stress 


‘Before frost 


“Blade Midrib 
Variety | ‘Palatability’ Shear * Palatability Shear (Ib.)* 
| Tenderness | from | (lb) | Tenderness | Shearing distance 
| stringiness | stringinees from tip 
; | 
Smooth Kale 3.8 8.5 52 | 4.0 6.0 42] 62] 
} 
(Hannover) | (2.0 to 5.0) | (7.5 to 9.5) | | (2.0 to 5.5) |(3.0 to 10.0) | 
Long Seasons 6.3 8.0 4.7 | 4.8 6. 332 | 7.0 | 
| (5.0 to 9.0) | (7.5 to 9.0) | (3.0 to 6.5) | (3.0 to 7.0) | 
Curled Siberian 7.3 9.2 | 4¢ | 5.0 8.5 | 26 | 66 | 46 
| 5.0 to 9.0) (8.5 to 10.0)) | (4.0 to 7.0) | (7.0 te 10.0) | 
Dwarf Blue | 3.8 7.8 &.0 ‘3. 0 3.0 4.8 | 12.0 8.4 
Curled Seotch | (2.0 to 5.0) 5 to 10.0)} | (1.0 to 6.0) | toe 7.0) | 
i 
- + 
Mean | 5.6 | | 3.7 8.0 | 5.8 
After light frost 
Smooth Kale 4 6.2 2 
(Hannover) | | 
Long Seasons | 4.7 | | 32] 69 | 5.2 
Curled Siberian | 6.6 9.3 | 42 | 47 | 6.0 29 | 64 | 4.7 
(5,0 to 8.5) 8.5 to 10.0) | (3.5t0 6.5) | (5.0 to 8.0) | | 
Dwarf Blue 4.0 8.1 | 2.6 4.0 4.8 12.1 8.5 
Curled Seoteh | (2.0 to 5.5) | (7.5 to 9.5) | | (1.010 5.5) | (2.0 to 6.0) | | 
Mean | 3.8 79 | 59 
After heavy frost 
Smooth Kale | 3.5 8.1 4.1 | 53 3.5 | 43 | 63 | 53 
(Hannover) | (2.5 to 5.0) |(7.0 to 10.0) (1.5 to 7.5) | (2.0 to 4.0) | 
Long Seasons 5 | 3.4 | 6.3 3.5 49 6.6 | 5.3 
| (4.0 te 6.0) 7.0 to 9.5) | | (3.5 to 8.5) | (2.0 to 6.0) | 
Curled Siberian | 55 8.5 |} 4.7 | 75 3.8 q 2.7 0 3.9 
| 4.5 to 8.0) 7.0 to 9.5) (6.5 te 8.5) 2.0 to 5.5) “| 
Dwarf Blue 3.5 7.3 | 7.3 6.8 2.8 49 | 7.5 | 62 
Curled Scotch | 2.5 to 5.0) | (4.0 to 9.5) | (2.5 to 8.0) 1.0 to 3.5) | 
} } } 
Mean 4.9 | 4.0 | 63 | 52 


' Figures are averages, with ranges given beneath. The maximum possible palatab lity score for each 
characteristic was 10 

* Por the blade, each figure in an average of six readings 

* The midrib« were bundled together in lots of 10, tips together and ends together. The bandles were 
sheared twice, at a distance of one-half inch and of one and one-half inches from the tip. The figures are 


averages of two readings at each distance 
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Curled Seotch. It was next highest in Curled Siberian, followed by Smooth 
Kale and Long Seasons. Variance within readings of a sample could be 
due to several causes: To the relative strength or hardness of the vascular 
bundles as compared with the remaining tissue included in a sample; to 
density of veining; or to peculiar arrangement of larger veins. When a 
stack of 20 layers of leaf tissue is exposed to shear stress, at any one of 
the three places where the sample is sheared, either few or many large 
veins may be involved. The more force it takes to shear an individual 
vein, and the softer the mesophyll, the more difference the presence of a 
few or of many veins will make. Dwarf Blue Curled Scotch proved to 
have vascular elements of high tensile strength (Table 2); also, the shear 
value of midribs cut at the tip was high. Curled Siberian had vascular 
elements of relatively weak tensile strength and the shear value of mid- 
ribs cut at the tip was low, but the major veins convened in a peculiar 
fashion (shown Fig. 2). Certain portions of the leaf were heavily veined, 
while others were not and this variety had an extremely tender blade, 
especially toward the rim (Table 1). The relatively high variance in 
shear values found in these two varieties might well be expected from 
their peculiar leaf morphology. 

As described above, the midribs were cut in bundles of 10, and two 
bundles were sheared twice; at a distance of one-half inch from the tip 
and again at one and one-half inches from the tip. The average of these 
two readings was compared with palatability scores. Although statistical 
treatment of the shear stress readings on midribs was not made, the data 
are here presented for comparison. The midribs were so much richer in 
vascular elements than the blades, that hardness of veins should be more 
easily recognized in the midribs than in the blades. 

Before frost palatability scores indicated that the blades and midribs 
of Curled Siberian were the most tender and the least stringy of all of 
the varieties. Those of Dwarf Blue Curled Seotch and of Smooth Kale 
were the least tender. Dwarf Blue Curled Seotch was the stringiest of all 
varieties. Curled Siberian and Long Seasons were similar and showed low 
shear stress of both blades and midribs. Smooth Kale followed, and Dwarf 
Blue Curled Seotch showed highest shear stress. 

After light frost palatability tests were made only on the two extreme 
varieties, Curled Siberian and Dwarf Blue Curled Scotch. Again Curled 
Siberian rated better than the Dwarf Blue Curled Seotch in tenderness 
and freedom from stringiness. In shear stress, the Dwarf Blue Curled 
Scotch blade and midrib were highest; and other three varieties were lower 
and similar. 

After heavy frost, in palatability scores involving the four varieties, 
Curled Siberian was again somewhat higher in tenderness and freedom 
from stringiness, while Smooth Kale and Dwarf Blue Curled Seotch were 
less tender. The last variety was the stringiest; in general, differences 
between varieties were slight. In shear tests, Dwarf Blue Curled Scotch 
showed definitely higher stress values of blade and midrib than the other 
three varieties, which were similar. 

It has been reported, Greenwood and Salerno (1949), that kale becomes 
more tender after frost. In this study, however, palatability scores and 
shear stress values did not show a tenderizing effect of frost on cooked kale. 
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Effect of Freezing Procedures and Freezer-Storage on Relative Tender- 
ness and Stringiness: Only the two varieties which in preliminary tests 
showed the greatest differences were tested for palatability. Dwarf Blue 
Curled Scotch variety was rated less tender and more stringy than the 
Curled Siberian (Table 4). 

Frozen kale of both varieties, tested 24 hours after freezing, scored 
higher in tenderness of blades and midribs than did those stored after 
freezing. After seven weeks of storage, the scores were lower. After 12 
weeks, scores for tenderness were similar to those of the shorter storage 
period. Scores for stringiness of blade decreased slightly upon storage, 
but stringiness of midribs remained rather stationary. Tenderness of the 
midribs was difficult to judge and scores varied much. 

Differences in palatability scores between kale blanched for four and 
one-half minutes and for one and one-half minutes were insignificant dur- 
ing the relatively short periods of storage used in this experiment. 

Blade samples, when tested 24 hours after freezing had, on the average, 
very similar shear stress values to those of the unfrozen samples (Table 5). 
It is likely that the texture of the veins which, according to palatability 
tests, had not changed appreciably after freezing, influenced the shear 
stress. There were slight increases in shear stress after the first seven 
weeks of storage. The coefficient of variation was extremely high in this 
experiment. Values of shear stress for the midribs showed great variation, 
due to the nature of the material. There was a trend, however, for each 
variety to show increased shear stress with increased storage. Freezing, as 
such, did not affect tenderness and stringiness, as judged organoleptically 
or by shear stress. 

Other Palatability Characteristics: Palatability scores were also assem- 
bled on some characteristics other than degree of tenderness and stringi- 
ness. The scores for preferred tenderness allowed the highest seore for 
medium tenderness, that is, a firm but tender vegetable. 

In color, Curled Siberian was generally rated lowest. It tended to 
discolor along the rim of the blade. The rim portion was exceedingly 
tender (Table 1) and was, therefore, easily overcooked. 

Differences in flavor between the varieties were slight. The judges gave 
relatively low scores to Curled Siberian in preferred tenderness, because 
it was judged too soft. Dwarf Blue Curled Seotch was rated low in pre- 
ferred tenderness because it was too tough. 

Prolonged frost had no effect on color and flavor. In Curled Siberian, 
a very sight improvement of scores due to decrease in softness was noted 
by the judges; whereas, in Long Seasons, a slight improvement of seores 
due to inerease in tenderness was observed. Since the effect of frost, if 
any, was an opposite one for the two cases where it was noted, and because 
of slightness of change, the effect of freezing weather on preferred tender- 
ness was insignificant under the conditions of the experiment. 

The effect of freezing procedures on some palatability characteristics 
other than degree of stringiness are presented (Table 6). No definite effect 
of the two blanching times on the seores of color, flavor, or preferred 
tenderness was observed when the combined blanching and cooking times 
were the same. 


| 
t 
| 
| 
| 
| 


p yan) 


gol 
di; wos 


dm wes) dn aes 


Aut 


pesolg 


,*punod ul sveqs 


= x = 
x > 
; 4+ 4 
ack 
iE 
x 4 F 
>. 
— 
tie 
=| 
; 
> 
| 
| 
ea = te 
7 
ial - 
4 
1 
ies 
| ae? 
| 
He 


re 69 | 06 
(OL 9 OF) | | (0°69 O'S) | (CO'OT OF 
(O8 OS) | | “(oot 08) | 
vs | 
(O80) | (OS OOS) | 03 0°) | 
} 69 | } | 
| O'S) | Corot 0'9) | 
| (oe | (06 | (O°OT 93 
69 “eb | 
J | 
“4010; ) 
yoy jo uo 


9 DVL 


(COL 


492994g puv fo poo 


ean 


YoY 
jo 


ond 


paying 


| 
| 
| 
| 
| 
| 


(71% 03%) 

10% (¢°6 93 (0°6 Oe) | 


6° UL 


(os 99 (86 v6 09) 


(OR 
68 


S84 Ue) JO 
JO 


9 


| 
RAP: 
‘EG 
| 
| 
| 
| 
| 
| 
q 
| 
Ly 
| 
| 
| 
| 
el | 
| 
| | 
> 
BAL 
| 


488 KARLA LONGREE AND FAITH FENTON 


Frozen samples received higher scores for color. Seores for color were 
practically unchanged in samples stored seven weeks, but after 12 weeks 
the color scores were lower, especially for Curled Siberian. Seores for 
flavor of this variety were slightly lower in the frozen samples than in the 
unfrozen. Curled Siberian is originally a mild-flavored variety and after 
blanching, chilling, and freezing it beeame more so. The judges frequently 
commented that frozen samples were ‘‘watery’’ or ‘“‘too flat.’’ Frozen 
Curled Siberian variety also received low scores because of undesirable 
degree of softness. 

The Dwarf Blue Curled Seotch kale, which originally is a strong-fla- 
vored variety, was scored slightly higher in flavor after freezing. This 
was probably because of a milder flavor in the cooked frozen kale than in 
the cooked fresh kale. 

Further studies are needed on the tenderness and stringiness of kale, 
including one on yearly variation. 


SUMMARY OF RESULTS 


Objective tests with a plunger tester showed that the blade between 
the veins of the leaves of all varieties was most tender at the tip and least 
tender at the base. In Smooth Kale, Curled Siberian, and Dwarf Blue 
Curled Scotch, the center portion of the blade was significantly less tender 
than the rim, but in the Long Seasons variety the opposite was found. 
The order of decreasing tenderness of varieties of kale, based on the mean 
of tenderness as determined with a plunger tester, was: Curled Siberian, 
Dwarf Blue Curled Scotch, Long Seasons, and Smooth Kale. 

Objective tests determining the relative tenderness and stringiness of 
the blades, exclusive of the midribs, and of the midribs by themselves, by 
a modified Warner-Bratzler shear apparatus, showed the following order 
of shear stress from most to least tender: Curled Siberian, Long Seasons, 
Smooth Kale, and Dwarf Blue Curled Seotch. The same order was found 
for midribs alone. 

In tensile strength tests made on vascular bundles removed from major 
veins of cooked leaves, the following order from lowest to highest tensile 
strength was found: Curled Siberian, Long Seasons, Smooth Kale, and 
Dwarf Blue Curled Seoteh 

In palatability tests the blades of Curled Siberian were scored most 
tender and least stringy; Long Seasons was next in tenderness and in 
stringiness. Smooth Kale and Dwarf Blue Curled Scotch were judged 
lowest, and equally so, in tenderness. The last variety was judged the 
stringiest. 

(iood agreement was found between tensile strength values, for the 
vascular bundles from main veins of cooked leaves of the four varieties, 
and palatability scores. 

Good agreement was also found between shear stress values and com- 
bined palatability scores for tenderness and stringiness. Evidently, shear 
values measured both tenderness and stringiness. 

The plunger tester, use of which was restricted to measuring the tissues 
between the veins, was an important tool in determining the tenderness 
of definite small areas. It aided in the understanding of the nature of 


toughness of certain varieties 
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STUDIES ON FACTORS AFFECTING TOUGHNESS OF KALE 


Light frost or heavy frost had no definite effect on tenderness or stringi- 
ness of blades, as judged either organoleptically or by shear stress; the 
midribs were judged as more tender and more stringy after heavy frost, 
but shear values remained similar. 

In the two varieties tested, freezing at —20°C.(—4°F.) had a slight 
tenderizing effect on blades and midribs as judged organoleptically. This 
effect did not show up in the shear tests, which measured the combined 
effect of tenderness and stringiness. Stringiness of blades and midribs was 
not affected by freezing. 

During the first seven weeks of storage, palatability scores for tender- 
ness of blades decreased, but scores for freedom from stringiness of blades 
remained similar. Shear values for blades increased. The midribs changed 
little in tenderness and stringiness, as judged either organoleptically or by 
the shear test. 

After five more weeks of freezer-storage, the palatability scores for ten- 
derness of blades and midribs and for freedom from stringiness of blades 
and midribs were similar to those recorded after seven weeks of storage. 
Furthermore, the shear stress values were similar to those reported for 


frozen kale stored for seven weeks. 

The differences in tenderness and stringiness of cooked, frozen kale that 
had been blanched for four and one-half, and for one and one-half minutes, 
were slight after the relatively short periods of storage used in this study 


and with the same total blanching and cooking times. 

In palatability tests of four varieties, color was rated lowest in Curled 
Siberian because of a tendency to discoloration of the rim of the blade. 
Differences in flavor between varieties were slight. The judges gave rela- 
tively low scores to Curled Siberian because of its softness, and to Dwarf 


Blue Curled Scotch because of its toughness. 
No effect of prolonged frost or of blanching time (with total blanching 
and cooking times the same) on palatability was noted by the judges. 
Frozen kale was rated higher in color than unfrozen; a mild flavored 
variety was rated lower, and a strong flavored variety higher, in flavor. 


With increased length of storage, scores for tenderness decreased 
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FLORA OF SPICES AND OTHER DRY FOOD MATERIALS 


BERNARD E, PROCTOR, SAMUEL A. GOLDBLITH, anp 
HARVEY FRAM 
Department of Food Technology, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


| Received for publication, June &, 1950] 


Because of their nature a number of food materials of great importance 
to the canning and freezing industries can be sterilized only with difficulty 
by conventional methods of heat processing. Contamination of these food 
materials with either mesophilic or thermophilic bacteria in large numbers 
may be of considerable disadvantage to the food processor. 

For some time investigations have been in progress in the Food Tech- 
nology Laboratories at the Massachusetts Institute of Technology to evalu- 
ate the possibilities of a method of processing food and drug materials 
without the production of heat, i.e., ‘‘cold sterilization’’ by supervoltage, 
cathode rays, Dunn, Campbell, Fram, and Hutchins (1948), Proctor and 
Goldblith (1948, 1949), Goldblith and Proctor (1949), and Goldblith, 
Procter, Hogness, and Langham (1949). 

The present investigation was undertaken to determine the effectiveness 
of supervoltage cathode ray irradiation on the bacterial flora of sugars, 
starches, spices, and other dry food materials. 


IRRADIATION EQUIPMENT 
A pressure-insulated Van de Graaff continuous accelerator, operating at three million 
volts, was used for the production of cathode rays, Trump and Van de Graaff (1948). 
In this equipment, charges are sprayed from ground onto a rapid!y moving belt (3,000 
r.p.m.) and earried by this belt to a high-voltage terminal. Electrons are produced by 
a hot tungsten filament and are then accelerated down the vertical tube through the 
cathode ray window and impinge on the sample, which is placed beneath the window. 


MATERIALS AND BACTERIOLOGICAL TECHNIQUES 


All materials were purchased on the open market in Boston. 
For subsequent bacteriological examination, 11 gm. of the 
were aseptically transferred to a sterile 250-ml. Erlenmeyer flask containing glass beads, 
10 dilution). The flask and 


material to be tested 


and 99 ml. of sterile, distilled water were added (one to 
contents were shaken by hand intermittently during a five-minute period (approximately 
100 times). 

Mesophilie aerobes were determined by plating one ml. of the above dilution (or 
serial dilutions made therefrom) in duplicate on tryptone glucose extract agar as the 
culture medium. The incubation temperature was 37°C.(99°F.). 

Thermophilie aerobes were determined in the same manner, with the exception that 
the incubation temperature was 55°C.(131°F.). Aerobie spore counts were made by 
placing the one to 10 dilution of the sample in an autoclave and steaming for five min 
utes at 100°C.(212°F.), then plating and incubating at 37°C. (99°F.). 

The presence of mesophilic and thermophilic anaerobes was qualitatively determined 
by pipetting one ml. of a one to 20 dilution of the food material into melted liver-veal 


"Present address: National Dairy Research Laboratories, Ine., Oakdale, Long Island, 


New York. 
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EFFECT OF CATHODE RAYS ON BACTERIAL FLORA OF SPICES 


agar. The contents of the tubes were mixed by rotation and stratified with nutrient agar. 

The time of incubation in all cases was three days. 

For irradiation purposes, each food material was placed in a cardboard carton 
measuring 2% by 2% by “4 inches. Quantities used varied with the densities of the 
materials and ranged from 20 to 60 gm. 

The variation in the quantities of the different materials irradiated was due to the 
fact that the penetration of cathode rays (electrons) depends upon the accelerating 
voltage and the density of the material. This may be shown by the following formula, 
Evans (1947): 


0.54 E — 0.15 
d 


where Rusx equals the maximum range expressed in gm. per square centimeter, E is the 
voltage expressed in Mev (million electron volts), and d is the density of the material. 

The dosages used were 1.33 X 10° rep (roentgen-equivalents-physical) and 2.66 X 
10° rep. The maximum time required for these dosages was 15 seconds. 

In previous work in these laboratories, it has been found that most of the micro 
organisms studied have been destroyed by a dosage of from 1.5 X* 10° to 2.0 K 1)* rep, 
Dunn et al. (1948), Nickerson, Goldblith, and Proctor (1950), and Proctor, Nickerson, 
and Goldblith (1950). No appreciable rise in temperature takes place under such 
conditions, 


wos 


TABLE 


Effect of Supervoltage Cathode Rays on the Bacterial Content of 
Various Sugars and Starches 


Bacteria per gm.* 


Sample and dosage Total aerobic count Aerobic spore count 


Sucrose 


2.66 X 10° rep........... <10 <10 <10 
Brown sugar 
50 90 <10 100 
2.66 X 10? <10 <10 <10 <10 
Soy flour 
140,000 11,000 2,000 1,600 


Potato starch 


3,000 | 3,000 | 120 

Cornstarch 

Control 3,000 Spreader’ 


The sign < (less than) indicates no colonies at lowest dilution plated (one to 10). * Rapid 
bacterial growth made counting impossible 


RESULTS AND DISCUSSION 

The data (Table 1) indicate the lethal effectiveness of supervoltage 
cathode rays against both mesophilic and thermophilic aerobic spore- 
forming microorganisms, as well as the total number of microorganisms 
present, in various sugars and starches. Relatively small numbers of sur- 


viving microorganisms were observed in the case of the materials treated, 
The data (Table 2) show that the samples of spices used contained a 
large number of aerobic thermophilic and mesophilic bacteria. With the 
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exception of black pepper, all the aerobic thermophilic microorganisms 
were destroyed by a dosage of 1.33 % 10° rep. In five spice materials, some 
survival of mesophilic aerobic microorganisms was noted at this dosage. 
Hlowever, a marked reduction in count was observed. 


TABLE 2 
Effect of Supervoltage Cathode Rays on Total Number of Aerobic Mesophilic 
and Thernophilic Microorganisms in Some Samples of Spices 
and Other Dry Food Materials’ 


Bacteria per gm 


Sample 


Control Irrad Control Irrad 


Paprika 3,500,000 650,000 0 
Ginger.... 4,000,000 600 00,000 0 
7,700,000 140 850,000 0 
Sage 10,000 0 9,000 
Nutmeg......... 2,500 0 410) 
2 200,000 0 340,000 
2 600, 000 2 500 300,000 
9,000,000 200 300,000 
80.000 0 3,000 
100,000 0 


Chili powder..... 
Black pepper 
Red pepper 
Onion powder 
Garlie powder. 


506,000 9} 15,000 
3,000 
4 00 


Arrowroot starch 
Cornstarch 

Whole egy powder 
Potato stareh flour 


Whole milk powder 1,300 
3,500 


3.000 


Gum Arabie 


Dosage: 1.43 10% rep 


In the case of the other dry food materials examined (Table 2), there 


was complete destruction of aerobie thermophilic microorganisms in each 
of the six materials examined, complete destruction of the aerobic meso- 
philie microorganisms in four of the materials, and a low survival count 
of aerobic mesophilic microorganisms in arrowroot starch and gum arabic. 
) were found in eight of nine spice 


Anaerobes growing at 37°C. (99°F. 
samples examined, nutmeg being the only exception (Table 3). Irradia- 
tion by supervoltage cathode rays for a dosage of 1.33 >< 10° rep resulted 
in the destruction of these microorganisms, as evidenced by testing one 

of a one to 20 dilution of each of these spices in stratified liver-veal 


agar. Thermophilic anaerobes were present in only three of the nine spice 
materials and were destroyed by irradiation according to the test described. 


SUMMARY 
Various dry food materials and spices were examined microbiologically 
for their aerobic mesophilic and thermophilic bacterial counts. Nine spice 
materials were examined qualitatively for the presence of mesophilic and 
thermophilic anaerobes. The lethal effectiveness of supervoltage cathode 
rays against the various types of microorganisms in these food materials 
was determined. 
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A dosage of 1.33 * 10° rep was found to be effective ayainst these 
microorganisms in the dry food materials and spices, and to result either 
in complete destruction or, in a few instances, in the survival of only a 
relatively few microorganisms. 

TABLE 


Effect of Supervoltage Cathode Rays on the Presence of Mesophilic and 
Thermophilic Anacrobes in Some Spice Samples’ 


Sample? 
Control Irradiated Control | rediated 
Tumerie 
Thyme + 
Sage.. 4% 
Paprika + _ + - 
Red pepper.. +. 4 
Black pepper..... + 
Chili powder + +- 
1 Dosage: 1.33 & 10° rep 7A one to 20 dilution of the material was made, and one mi. was 


pipetted into liver-veal agar; tubes were stratified and incubated for three days. * Indicates sub 


surface colonies, but no gas 
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THE CAROTENES OF CANTALOUPES* 
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In recent years considerable interest has been demonstrated in evalu- 
ating the biological value of the carotenes of various fruits and vegetables. 
It is generally agreed that the carotene content of a food, as determined 
by chemical analysis, cannot be accepted always as the true measure of 
its biological worth, Beadle and Zscheile (1942). 

Carotene data reported in the literature for cantaloupe deal with its 
chemical evaluation, Smith, Farrankop, Caldwell, and Wood (1944). To 
our knowledge, studies on the biological value and the nature of the caro- 
tenes of cantaloupes have not been reported. 


CHEMICAL ANALYSIS OF CANTALOUPE 


The cantaloupes were obtained from the Salt River Valley in Arizona, either from 
the University Farm or from commercial growers. Six or more cantaloupes constituted 
a sample. Only the edible portion was employed in these tests. 

For the quantitative estimation of carotene, 20 gm. of cantaloupe were blended in a 
foaming mixture of one per cent KOH in 95 per cent ethy! aleohol and petroleum ether. 
The mixture was further extracted with petroleum ether and the alkali and alcohol 
removed by washing with water. The ether extract was dried with anhydrous Na,SO, 
and made to suitable volume. Aliquots were passed through an adsorption column of 
97 per cent Na,CO, and three per cent MgO and the amount of carotene in that eluent 
determined. 

A suitable aliquot of the original petroleum ether extract was taken for the chro- 
matographic separation of the carotenoid components. The extract was concentrated 
under reduced pressure and poured onto a column of Ca (OH), wet with petroleum ether. 
After development of the chromatogram (six to eight hours), the column was pushed 
out of the glass tube, sectioned, and the components eluted with petroleum ether and 
ethyl aleohol. After the aleohol was removed by washing with water, the extracts were 
dried over anhydrous sodium sulphate and read in the Beckman Spectrophotometer. 


BIOLOGICAL METHODS 


The vitamin A low diet used in these experiments was the same as that used in 
previous work, Vavich and Kemmerer (1950). Rats of the Sprague-Dawley strain were 
used, When they were 12 to 14 days old, the regular stock diet was replaced with the 
basal vitamin A low diet. At 28 days the litters were separated into pairs according to 
sex and weight. This technique produced rats with uniformly low vitamin A stores. 
One of the pairs was fed 60 wg. of beta-carotene in Wesson oil daily, by means of a 
calibrated dropper. The pair mate was fed daily portions of cantaloupe equivalent to 
60 wg. of beta-carotene. Each of the pairs was given the same amount of the basal diet. 
The feeding period was of 14 days’ duration and the supplements of cantaloupe were 
kept frozen during this period. No loss of earotene was detected during the holding 
period. The rats were killed on the 15th day and the livers removed and analyzed 
individually for vitamin A by the Carr-Price (1926) reaction. An Evelyn Photoelectric 
Colorimeter with Filter No. 620 was used to read the blue color. Vitamin A alcohol in 
chloroform solution was used as the standard in preparing the reference curve. 


* Presented in part at the 112th meeting of the American Chemical Society, New 
York, 1947. 
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Digestibility of earotene was determined according to the method described by 
Kemmerer and Fraps (1938). 
RESULTS 
The carotene content of two varieties of eantaloupes (Imperial 45 and 
V-1) and two selections of one variety (Imperial 45) ranged from 18 to 
30 to 47 1. U. per gm.). Typical values 


28 wg. per gm. of the edible portion 
are shown (Table 1 


TABLE 1 
Typical Beta-Carotene Values of Arizona-Grown Cantaloupes 


Cantaloupe Keta-carotene 
“7.9m 
18.2 
27.6 
19.3 


23.7 


450, Arizona Selection of Imperial 45. 
V-1—Sample B.............. 


| 


DENSITY 


400 420 440 500 
WAVE LENGTH 
Fic. 1. Absorption spectra of two earotenes obtained from cantaloupes. A. Unknown 


earotene. B. Beta-carotene. 


The 
major fraction was beta-carotene (B) and consisted of 94 to 97 per cent 
of the total pigment. The lesser band (A) was strongly adsorbed near the 
top of the column and showed absorption maxima at 425 to 430 and 405 mp, 


Chromatographic analysis showed only two pigments (Fig. 1). 


The beta-carotene in the three samples of cantaloupe tested was highly 
available for storage of vitamin A in the livers of rats. The data (Table 2) 
show that there was no significant difference in the amount of vitamin A 
stored in the livers of rats receiving beta-carotene in oil and those receiving 
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the same amount of beta-carotene in cantaloupe. A new sample of dehy- 
drated alfalfa (310 yg. of beta-carotene per gm.) was run simultaneously 
with cantaloupe and its carotene showed significantly less availability than 
the beta-carotene in oil, and significantly less than the beta-carotene in 
cantaloupe, The succulence of cantaloupe suggested that digestibility may 
be a factor affecting availability of carotene for storage as vitamin A in 
the liver. However, the carotene of cantaloupe was 54 per cent digestible, 
as compared with 51 per cent for alfalfa and 77 per cent for beta-carotene 
in oil. From these results it appears that digestibility is not a factor. It 
should be noted that these digestibility values are based on recovery from 
the feces and do not account for losses through destruction of the carotene 
in the digestive tract. 


TABLE 2 


Availability of BetaCarotene in Cantaloupe 


Vitamin A per liver 
Source of carotene 
Range Mean 


wu ag 


Beta- Carotene in oil. 2 10,0.90.0 51.24.28 
15.0-55.0 37.72%5.39 


42.76.68 


Imperial 45, Arizona 
Beta Carotene in oil........... 10.0-67.0 
Alfalfa : 16.0-46.0 
Beta-Carotene in oil : 32.0-90,0 
Imperial 45 ] 28.0-60.0 48.4+3.60 


DISCUSSION 

The utilization of carotene of cantaloupe appears to be high as com- 
pared with certain vegetables reported by Smith and Otis (1941) and 
Fraps and Meinke (1945). The latter authors reported that the utilization 
of carotene in certain vegetables ranged from 16 to 64 per cent of the 
utilization of carotene in oil. Our data show that the carotene in the 
cantaloupe was approximately 100 per cent utilized. 

An explanation for the high availability of the carotene of cantaloupe 
may have some connection with the observation by Tomarelli, Charney, 
and Bernhart (1946) that the state of dispersion in which carotene is fed 
affects its utilization. Similar findings were reported by Halpern, Biely, 
and Hardy (1947) with chieks, and Sobel, Sherman, Lichtblau, Snow, and 
Kramer (1948) with rats, in which vitamin A was better utilized when 
fed as a water emulsion than in a vegetable oil carrier. Since cantaloupe 
has a water content of 90 per cent and a fat content of 9.2 per cent, such a 
condition may have some influence upon the biological utilization of the 
carotene of cantaloupe. 

SUMMARY 

The carotene content of cantaloupe ranged from 18 to 25 yg. per gm. 
of edible portion, with at least 94 per cent of the carotene in the form of 
beta-carotene. Spectrophotometric findings are given concerning an uni- 


dentified carotene found in cantaloupes. 
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There was no significant difference between the availability of the caro- 
tene of cantaloupe and the availability of beta-carotene in cottonseed oil 
for storage of vitamin A in the liver of the rat. The availability of beta- 
carotene in cantaloupe was significantly higher than the availability of 
beta-carotene in alfalfa. 
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The nutritional value of the peanut, as a source of dietary protein, has 
been the subject of a number of investigations involving humans, dogs, 
mice, rats, poultry, cattle, sheep, and swine The majority of these stucdtes 
has been made with peanut meal, peanut flour, or defatted oil cake rather 
than with isolated peanut proteins. This fact, together with differences in 
technique, may account for the variability of the results obtained. 

The practical significance of most of the ‘biological values’’ and ** pro- 
tein efficiency ratios’’ may be open to some question, since they are usually 
determined at about a 10 per cent dietary protein level, and it has been 
observed that the biological usefulness of even the ‘‘ poorer”’ proteins may 
be increased merely by raising the dietary level. That ‘‘ protein efficieney”’ 
is not necessarily synonymous with growth response, or the latter with 
over-all physiological value, has also been reported. Amino acid composi- 
tion data, alone, are not sufficient for the nutritional evaluation of proteins, 
since the quantitative requirements of animals for the various amino acids 
are not known. 

In the present experiment peanut protein obtained from the Southern 
Regional Research Laboratory of the U.S. Department of Agriculture was 
examined for its nutritional value relative to that of beef, rabbit, tuna 
fish. and casein, as measured by the growth and reproductive response of 
female mice fed at a 19 per cent dietary protein level. In addition, the 
effect of supplementation of the peanut protein with lysine and methionine 


was investigated. 


EXPERIMENTAL 
1. PREPARATION AND ANALYSES OF THE PROTEINS. 

Beef! The eans were opened and warmed to about 80°C, 176°F.). The liquids were 
decanted and as much visible fat and connective tissue as possible were removed 
manually. The isolated pieces of beef were rinsed with technical grade ether and 
ground in a hand meat grinder, The ground meat was dried at 50°C.(122°F.) in an 
oven for approximately 72 hours. The dried meat was then extracted with aliquots of 
technical ether until the supernatant was clear. The residue was air- and oven-dried 
(50°C) for about four hours. The dry, extracted material was ground in a Waring 
Blendor and passed through a 30-mesh sieve. The residue was reground in the Blendor 
and resieved, the final residue being disearded. The resulting material was stored in 
sealed cellophane bags at —20°C.(—40 F.). 

Tuna Fish? The cans were opened ind the free oil decanted. The meat was broken 


into small pieces, rinsed with technical grade ether, and treated in the above manner. 


‘Paper 69. For Paper 68, see Camien and Dunn (1950). This work was aided by 
grants from the Beech Nut Packing Compan) and the Nutrition Foundation. The 
authors are indebted to Dr. M. N. Camien, L E. MeClure, and P. K. Vijayaraghavan 
for assistance with some of the analyses and assays. 

Canned roast beef was furnished by the Contin ntal Can Company through the 
courtesy of Dr. D. G. Heberlein. 

Chieken of the Sea) was furnished by the Van Camp Laboratories, 
h the eourtesy of Dr. S. Lassen, Director of Research. 


Canned tuna 
Terminal Istand, California, throug 


40S 


: } t 
| 
j 
} | 
| 
= 


499 


NUTRITIONAL VALUE OF PEANUT PROTEIN 


Rabbit’ The livers, hearts, and kidneys (with perirenal fat) were removed from 
The carcasses were autoclaved at 15 Ib, pressure 
free liquids, were allowed to cool 
back, and chest were 


the dressed carcasses and discarded. 
for approximately 30 minutes and, after decanting the 
to room temperature. The prince pal muscle portions of the legs, 
removed by hand and treated in the same manner as the beef. 

Casein. Vitamin-free casein, » proximately 30-mesh particle size, was purchased 
from General Biochemicals, Inc, This materia: is hot-aleoho!l extracted casein. 

Peanut Protein.” The protein, pre] ared by the method of Arthur, Crovetto, Molaison, 
Guilbeau, and Altschul (1945), was ground in a Waring Bler dor to 30- mesh particle size. 

Elementary analyses of the proteins are given (Table 1) as are the amino acid 
analyses (Table 2). The latter, with the exception of the values for tryptophan, tyro 
and cystine, are based on data obtained by the microbiological assay methods used 


sine, 
and Malin (19492) and Dunn Camien, 


in this laboratory, Dunn, Camien, Eiduson, 
Malin, Murphy, and Reiner (1949b). 


TABLE 1 
Elementary Analysis of Proteins and Calculation of Thetary Levels 


Dietary levels 


Analysts 
Protein Calculated Protein 
rote va ' Nit prepara nitrogen level of 
Moisture veh Fa K je tion it level of diets 


diet 6.25N) 


diet 


pet per pet pet pet pet pet 
Beef 59 2.5 0.33 14.8 20.3 3.00 18.8 
Tuna 2.5 9.6 0.06 140 21.8 2.99 18.6 
Rabbit 3.7 4.3 1.2 14.7 20.4 3.00 18.8 
Casein 9.3 1.0 01 13.6 22.0 2.99 18.6 

5s 0.70 0.06 15.0 20.0 18.8 


Peanut 
1The values reported (A M. Altschul, personal communication) on the dry basis were 16.25 
hree samples, 16.14 to 16.55 per cent) and 0.74 per cent ash one sample) 


per cent N (t 
F and G with amino acids raised the N values to 3.25 and 3.30 


? Supplementation of Diets 
per cent, respectively 
© COMPOSITION OF THE Diets 
The composition of the purified dicts employed is given 
and the peanut protein (Diets F and G) 
methionine” (as the pi-form), to pro 
uivalent to those in the 


(Table 3). The casein 


(Diet D) was supplemented with 1 eystine ' 
with L-lysine*® (as the monohydrochloride) ane 1 
vide diets in which these 


beef diet 


amino acids were present in amounts eq 


3. EXPERIMENTAL PROCEDURE. 

obtained from A-strain parents whieh had been ‘ 
raised on the Anderson and Smith (1% diet, were divided randomly into seven groups 
of 12 mice each.” The 28-day old mice were caged individually and placed on a casein 
diet (Diet D) for a conditioning period of about two weeks, At the end of this period 
iets and raised to maturity. Growth 


Eighty-four female weanling mice, 


they were placed on their respective experimé ntal d 
and food-consumption data were taken during the experiment (Table 4) 
New Zealand Whites) were furnished by the Rabbit Experiment 


‘Dressed rabbits 
Fontana, California, through the courtesy of 


Station, U. 8. Department of Agriculture, 
Mr. G. S. Templeton, Director, and Dr. E. E. Lund, 
was furnished by the Southern Regional Research Laboratory, U. 8. 
Louisiana, through the courtesy of Dr. K. 8. 
Altschul, Head, Protein and 


* Peanut protein 
Department of Agriculture, New Orleans, 
Markley, Head, Oil and Oilseed Division, and Dr. A. M. 
Carbohydrate Division. 

* The L-eystine was prepared in this laboratory. 
furnished by E. I. du Pont de Nemours & Com 
Director, the Biological Laboratory 

S. Industrial Chemicals, Ine 


lysine monohydrochloride was 
pany through the courtesy of Dr. J, Waddell, 
*The pi-methionine was a product of the [ 


*Any mouse showing symptoms of respiratory infeetion was disearded 
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TABLE 2 
Amino Acid Content of Proteins Calculated to 16 Per Cent Nitrogen 


Canned | Rabbit | Canned  Vitamin-| peanut 
Amino acid beef | muscle tuna free protein | 1099 peanut-beef 
fish casein beet 


pet pet > pet. 

Arginine......... ; 5. §.3 7.3 +113 
Aspartic acid............. : q 3.6 +33 
Glutamie acid 23.0 20. +33 
Histidine........ 3.6 3. 2. —44 

fi — 96 
—20 


—68 


Isoleucine 
Leucine........ 


Lysine 

Methionine 

Phenylalanine... 

Threonine 

Valine 

Tryptophan 

Tyrosine.. 

Cystine. : 1.3° 
1 Block and Mitchell (1946-47). ? Block and Bolling (1945) 


TABLE 3 
Composition of Diets’ 


Group and diet number 


© 
Protein source 


Canned Vitamir 
Canned tana Cooked fre Peanut Peanut Peanut 


beef fish rabbit casein protein protein protein 


Protein material, 
per cept 
Sure’s salts (No. 
per cent 
Sucrose, per cent.. 
Vitamins,’ per cent 23 23 0.23 
Corn oil, per cent 5. 5. 5. 4. 5. 5.0 


20.0 


6.0 


67.2 


L-Cystine, per cent.. 
L- Lysine, HCl, 

per cent 
Methionine, 

per cent... 
Protein, per cent 
Carbohydrate, 

per cent 


Fat, per cent 
Minerals, per cent j j 6 

‘The diets are practically iso-caloric, containing 3.9 to 4.0 Cal./gm, of diet, calcu ated as nine 
four, four Cal./gm. for fat, protein, and carbohydrate, respectively 

Sure (1041) 

* Vitamin mixture, per kg. of diet: Thiamine. HCl, 5 mg riboflavin, 10 mg pyridoxine, 
5 me niacin, 100 mg paminobenzoic acid, 200 mg inositol, 1,000 mg folie acid, 0.2 mg.; 
biotin, 0.06 me ascorbic acid, 400 meg Ca pantothenate, 20 mg holine chloride, 500 mg.; 
menadione (vitamin K), 1 mg.; a-tocopherol, 50 mg.; vitamin A, 20,000 USP units; vitamin D, 
2 SP unita 


At about 16 weeks of age the animals were bred to stock males in groups of not 
more than six females per male, the experimental diets being maintained during this 
interval. When obviously pregnant, the females were returned to individual cages and 
allowed to raise the retained young to weaning age (28 days, postnatal). An attempt 
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8.0 3.1 
3.3 1.1 
54 +35 
1.3 3.4 —26 
7.3 4.7 —13 
1.2" 1.0° 
6.9 443 
| 3? 1.6° 
20.0 i 
J 
6.0 
66.6 | 
0.23 
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was made to adjust each litter to six young, usually three males and three females. The 
number and weight of viable young born, the number born dead, the weaning weights 
of the young, and the weight of the mother at casting and at weaning, were recorded. 
After weaning, the first-litter young were discarded and the mothers re-bred for second 
litters. Similar data were recorded for the second litters. After weaning the second 
litters the mothers were re-bred. Some of the young from the second litters were housed 
in group-cages containing from two to five young mice per cage and were maintained 
on their respective experimental diets. Growth and food-consumption data were taken 
at intervals until the mice were approximately nine weeks of age. 
weaning. 


The young from the 


third litters were discarded at 


RESULTS 

Growth. The growth and food-consumption data of the parent animals 
for the approximate period of 6 to 16 weeks of age are summarized (Table 
4 and Figs. 1 and 2). Additional growth data from 16 to 40 weeks of age, 
taken during the reproductive period, are shown in the above-mentioned 
figures. Data for the second-litter young from four to nine weeks of age 
are summarized (Table 5 and Figs. 1 and 2). 

It would appear from the data (Table 4) that there were no signifi 
cant differences in the growth-promoting qualities of the seven different 
diets, whether measured as gain per day, gain per gm. of food, or protein 
efficiency. It should be noted that the daily consumption of food on the 
different diets was practically iso-calorie and iso-nitrogenous. Similar con- 
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AGE IN WEEKS, POSTNATAL 

Fie. 1. Curves relating logarithms of body weight and reciprocal age of female mice 
on various diets. The notations are as follows: The capital letters indicate the Group 
and Diet designations, A-D indicating the average curves for Groups A through D, the 
anima! protein diet groups. The signs Q-—represent data of the parent animals (Table 
4 TD—represent data of the second-litter young (Table 5); and —represent the end 
of tabulated growth data. The straight lines indicate ‘‘adequate’’ growth curves, Zucker 
et al. (1941 The numbers indicate the initial and limiting weights in gm 
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Fig. 2. Curves relating logarithms of body weight and reciprocal age of female mice 


on various diets. The notations are as follows: ‘The capital letters indicate the Group 


and Ihiet designations, A-D indicating the average curves for Groups A through D, the 


animal protein diet groups. The signs represent data of the parent animals (Table 


4); ©Q—-represent data of the second litter young (Table 5); and q@—indieate the end 
of tabulated growth data. The straight lines indicate ‘‘adequate’’ growth curves, Zucker 
et al, (1941). The numbers indicate the initial and limiting weights in gm. 


clusions may be drawn from results shown (Table 5), although in this 


experiment there is an increased range of values. The foregoing conelu 


sions are in agreement with the growth curves (Figs. 1 and 2 These 
curves indicate, however, that none of the diets permitted adequate growth 
as defined by Zucker’s growth formulation, Zucker, Hall, Young, and 
Zucker (1941 

Reproduction. The averaged reproduction and lactation data for the 
first, second, and third litters are summarized (Table 6 

It is apparent from the results shown (Table 6) that there was no 


significant. difference in the reproductive and lactational response of the 
female mice on diets containing beef, rabbit, tuna, or peanut-plus-lysine- 
plus-methionine as sources of protein. The lactational response of mice 


on the vitamin-free casein diet, as measured by per cent of young weaned, 
was below that on the above diets. The diets containing unsupplemented 
peanut protein or peanut protein plus lysine were deficient in regard to 


both reproduction and lactation. 


DISCUSSION 


It may be observed (Table 2) that, relative to beef muscle protein, 


the peanut protein used herein is deficient in lysine, methionine, histidine, 
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glycine, isoleucine, threonine, and leucine, the degree of deficiency decreas- 
ing in that order. The most marked deficiencies are those of lysine and 
methionine; these, together with threonine and isoleucine, probably are the 
important deficiencies of peanut protein, since the content of the other 
low amino acids is within, or very close to, the range of values for the 
amino acid in the animal proteins listed. Other investigators have reported 
that peanut protein is deficient in methionine, lysine, and probably thre- 
onine and tryptophan and that, when compared to egg protein, it is most 
deficient in methionine and somewhat less so in lysine, Block and Mitchell 
(1946-47). It is assumed that the increased content of some amino acids, 
arginine, aspartic acid, glutamie acid, and phenylalanine in this instance, 
do not affect adversely the relative nutritional values of the proteins. 

In view of studies in this laboratory and others, it would appear there 
is probably little destruction or loss of availability of amino acids during 
the processing to which these proteins were subjected. Differences in avail- 
ability of the amino acids of the different proteins fed are not considered 


significant, since it has been shown that the true availability to rats of 5 
the 10 essential amino acids of cooked beef muscle and of peanut flour a 
proteins is practically equivalent, Kuiken, Lyman, Dieterich, Bradford, i 


and Trant (1948). Possible differences in availability due to physical 
factors are thought to be alleviated, if not eliminated, by grinding to a 
30-mesh particle size, even though this treatment is not sufficient for the 
most resistent proteins [keratins, Newell and Elvehjem (1947) }. 

The choice of dietary composition was rather arbitrary. While it has 
been shown that the differences between ‘* protein efficiencies’’ are usually 
greater at the lower levels (5 to 10 per cent) of dietary protein, Barnes, 
Maach, Knights, and Burr (1945) and Bosshardt, Paul, O’Doherty, and 
Barnes (1946), a higher level was used in the present experiment, since 
it was desirable to study reproduction and lactation as well as growth. 
Previous experience in this laboratory indicated that female mice would 


e reproduce and lactate on a casein diet of the same nature as the one used ‘ 
here. There is, in addition, some evidence that such a casein diet is ade- k 
quate for the growth of male mice of the Bagg strain, Drell (1949). The P 


inadequacy found for the present mice may be due to a strain and/or a 
sex difference. That sex and strain differences in nutritional requirements 
do oceur has been definitely established. The fat content of the diet may 
not be optimal for the most efficient utilization of the proteins, Bosshardt 
et al. (1946) but other things being equal, the calorie intake (approxi- 
mately 2.0 Cal./gm. Av. Wt.**/day) would seem to be within a range 
permitting differentiation of protein values, Bosshardt et al. (1948). The 
composition of the vitamin mixture was that chosen after a review of the 
literature, Drell (1949), and ineludes all of the factors known to be re 
quired except B,,, and the Animal Protein Factors. The salt mixture is 
one which has been used by Sure (1941) and others with considerable 


success. 

It is apparent (Figs. 1 and 2) that a fairly uniform distribution of 
animals into the various groups was achieved, with the exception that the 
animals in Group A were slightly smaller. The relative ‘‘inherent sizes’’ 
of the animals in the different groups are indicated by the ‘‘limiting 
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weights,’” Zucker ef al. (1941) (shown Figs. 1 and 2) and are fairly uni- 
form. That equal distribution of litter mates between the groups was 
not attained would not seem important since Harte, Travers, and Sarich 
(1947) have found that groups of nine or 10 randomly chosen weanling 
rats, selected from groups of 50 or more, gave Mean growth response, and 
variance, of precisely the same order of magnitude as groups from the 
same stock which were paired with respect to litter. Similar distribution 
of animals was not compatible with the design of the second growth experl- 
ment (Table 5 and Figs. 1 and 2). The difference in initial weights in 
this experiment reflects lactational deficiencies of the mothers and thus 
the resulting inverse relative growth rate obtained is a recovery phe- 
nomenon and is not indicative of a difference in the nutritive value of 
the diets. 

The experimental procedures used to study reproduction and lactation 
are similar in many respects to those recommended by Schweigert (1947) 
and others. It is recognized generally that the nutritional requirements 
for growth are not necessarily the same as the requirements for repro- 
duction or lactation. A question might be raised as to the practical sig- 
nificance of such tests in the evaluation of diets designed particularly, if 
not exclusively, for young growing animals (or humans It would be 
difficult, if not impossible, to give a completely valid answer to this ques- 
tion. The safest procedure, however, is to elaborate diets adequate for 
all physiological processes, particularly if this necessitates no great change 
in processing or cost. 

{It is obvious that there is no single criterion by which to compare 
reproductive or lactational responses of different animals, nor is there a 
satisfactory method of “seoring’’ such results. According to the data 
(Table 6), the per cent fertility and the average birth weights were unaf 
fected by the diets used. The average birth-weights appear to be normal 
for this and some other strains of mice, Fenton and Cowgill (1948). The 
number of viable young born and the relative number of still-births on 
the animal protein and the peanut-plus-lysine plus-methionine diets are 
markedly different from those on the peanut protein of peanut plus-lysine 
diets. It is obvious that the latter two diets are deficient for re productive 
purposes. Equally clear-cut results were evident in the lactation data 


showing per cent weaned, weaning weights, and weight-changes of the 
mothers. There is no overlap in the ranges of values for per cent weaned, 
excluding the first litter value for the casein diet (Group D), which was 
particularly low. A possible explanation for the poorer lactation per: 
formance on the casein, relative to the other animal protein diets, is that 
a 0.20 per cent eystine suppleraent was used instead of the usual 0.30 
per cent supplement of this amino acid. The supplemental level used here 
was that caleulated to equilibrate the cystine content with that of the 
beef diet, based on analytical values which may not be entirely accurate. 
Similar results have been obtained by others, using unsupplemented casein 
‘The deficiencies in Diets E and F appear to affect the female more than 
the male young, since the weaning weights were smaller than the average 
of the other groups by 2? and 14 per cent, respectively. 
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The importance of carrying the mice through more than one litter is 
obvious, since the differences in per cent of voung weaned did not become 
significant until the second litters, and the differences in per cent viability 
were much greater in the third than in the first and second litters. This is 
in agreement with the experience of others, Beaty and Fairbanks (1948). 

Since it has been found that supplementation with lysine had little 
effect, while lysine plus methionine raised the dietary value of peanut 
protein to that of the animal proteins, it might be inferred that supple- 
mentation with methionine alone would suffice. It is planned to elucidate 
this point in a subsequent experiment. 

The conclusions drawn from the present experiment agree, in general, 
with those appearing in the literature. The paper of Daniels and Loughlin 
(1918), which reported ‘‘good’’ growth of rats on 15 per cent and ‘‘nor- 
mal’’ growth on 18 per cent peanut protein fed as peanut meal, might be 
open to the criticism that the early ‘‘standards’’ of growth were low rela- 
tive to those obtained on modern diets, Dunn, Murphy, and Rockland 
(1947). Baernstein (1937-38), however, subsequently found that whole 
defatted peanut, total protein, or total globulin was approximately equiva- 
lent to casein in promoting growth of the rat when fed at a 20 per cent 
level. More recently, Zucker and Zucker (1948) showed that increasing the 
per cent of peanut flour in a mixture of peanut and white flour (wheat) 
from 5 to 16 per cent of the mixture (total protein changing from about 
17 to 22 per cent), improved the growth of female rats, expressed as per 
cent of that considered ‘‘adequate,’’ from 72 to 90 per cent. Jones (1944) 
also has stated that raising the dietary level of peanut protein from nine 
to 15 per cent increased the nutritive value of the diet and reversed the 
rating of peanut protein relative to soybean protein. Sure (1920), Baern- 
stein (1937-38), and White and Beach (1937-38) are in agreement that 
arachin, fed at levels from eight to 20 per cent of the diet, is a deficient 
protein as measured by rat growth. Recently, Sauberlich, Pearce, and 
Baumann (1948) have indicated the low relative value of arachin when 
fed to mice at an eight or 10 per cent level. Baernstein (1937-38) reported 
that, at a 20 per cent level, conarachin yielded satisfactory rat growth 
and, in disagreement with Sure (1920), that conarachin would supplement 
arachin for growth purposes. The importance and efficacy of methionine 
supplementation of an arachin diet is consonant with the results of all of 
the above investigators. The studies of Irving, Fontaine, and Warner 
(1945) and Fontaine, Irving, and Warner (1945) would seem to indicate 
that an isolated peanut protein fraction similar to the one used in this 
experiment was more representative of the total peanut proteins than 
either arachin or conarachin. Evidence in agreement with this assumption 
has been reported by Altschul, Irving, Guilbeau, and Schaefer (1948), 
who found that isolated peanut protein similar to that used herein, had 
relatively the same nutritional value as peanut meal when fed as a supple- 
ment in chick rations. 

Although Daniels and Loughlin (1918) observed that their rats sepro- 
duced at frequent intervals and produced three generations of young, no 
critical study of reproduction and lactation on peanut protein diets appears 
to have been made. Seeley and Hoffman (1949) reported equivalent fer- 
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tillity of rats on beef, peanut protein, or yeast diets, at the 20 per cent 
level, but obtained superior weaning weights on the beef diet. Details of 
this study do not appear to have been published. 

It is somewhat difficult to interpret the results obtained in the present 
experiment in terms of the contemporary problem of the identity, impor- 
tance, and function of vitamin B,, and the Animal Protein Factor(s). 
Sinee no known source of these factors, aside from the proteins themselves, 
has been incorporated into the diets, it might be assumed that the diets 
based on isolated peanut protein are relatively free of vitamin B,, and/or 
A.P.F., and that the aleohol-extracted casein used may be relatively low in 
these factors. One might suppose that the increased mortality of the young 
on casein, peanut, or peanut-plus-lysine diets, as well as the decreased pre- 
weaning growth on the latter two diets, were indicative of deficiencies in 
B,, or A.P.F., but this supposition is negated by the results of supple- 
mentation with lysine plus methionine. It may be that peanut protein is 
not devoid of B,,-activity per se, since such activity is not limited to ani- 
mal sources. Luecke, MeMillen, Thorp, and Boniece (1949) reported that 
when acided to a corn-soybean meal ration, a B,, concentrate improved pig 
growth, but Cunha, Burnside, Buschman, Glasscock, Pearson, and Shealy 
(1949a) and Cunha, Hopper, Burnside, Pearson, Glasscock, and Shealy 
(1949b) found no effect when such a concentrate was added to a corn- 
peanut meal ration. Schaefer, Salmon, and Strength (1949) have indi- 
cated inereased growth of chicks when B,, is added to an extracted peanut 
meal-extracted casein diet. 

In addition to the probable multiplicity of the growth factors involved 
and the apparent interrelationships of some of these factors with known 
vitamins (folie acid, riboflavin, choline, ete.), interpretations are further 
complicated by the seeming ability of bacteria in the rumen or intestine 
of various animals to synthesize one or more of these growth factors. 

One might venture an interpretation of the results of the present ex- 
periment, starting with the similarity of the shapes of the growth curves 
obtained to that given by Zucker et al. (1948) for rats on ‘‘Zoopherin’’ 
deficient diets. Such interpretation, however, would be entirely speculative 
and it would seem more profitable to postpone such consideration until 
vitamin B,, and A.P.F. supplementation studies, now under way, have 
been completed. 

SUMMARY AND CONCLUSIONS 

Growth, reproduction, and lactation of female A-strain mice have been 
studied, utilizing purified diets containing beef, tuna, rabbit, casein, pea- 
nut, peanut plus lysine, or peanut plus lysine and methionine as sources 
of protein. All of the proteins were fed at a 19 per cent dietary level. 

There were no significant differences in growth response on any of the 
diets. None of the diets, however, yielded adequate growth as defined by 
Zucker’s growth formulation. 

Beef, tuna, rabbit, and casein were equivalent and satisfactory for 
purposes of reproduction, while casein was somewhat poorer than the other 
animal proteins for lactational purposes. Peanut protein was deficient 
both for reproduction and lactation, the deficiency being more apparent 
in the second and third, than in the first, of three successive litters. Sup- 
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plementation of the peanut protein with lysine had little, if any, effect 
on the reproductive or lactational response, but supplementation with 
lysine-plus-methionine increased the relative value of the peanut protein 
to that of the beef, tuna, and rabbit diets. 
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NOTICE TO CONTRIBUTORS 


No embodying data or simultaneously to be should be 

i Authors are req to examine a recent issue of Food h for details 
of style and format. 

Manus‘ripts and drawings should be 
the editor-in-chief. Submission of a carbon copy with the original copy will 
accelerate publication since the paper may be two 
A carbon copy also should be retained by the author since the editors cannot assume 
responsibility for manuscripts. The original typewritten copy should be submitted. A 
carbon copy alone is not acceptable, 

Manuscripts should be copied double space and pref should be sent flat-— 
not rolled or folded. Corrections which have been made be clear and legible. 
As far as possible and reasonable, manuscripts should be numbered consecutively from 
beginning to end. Interpolated pages may be noted, 45a, 45b, etc., 
the number of the preceding page. Should pages be removed from the manuscript for 
any reason the preceding page should be double numbered. 

Foreign language phrases should be underlined in the manuscript for italics when 
printed, as in vacuo, in vitro. Comylete generic and specific names of microorganisms 
should be cited and underlined. Generic names alone should also be underlined. Please 
do not abbreviate. 

Original drawings or photographs of drawings should accompany manuscripts. If it 
is necessary to include photographs ‘or half-tone reproductions, glossy prints should be 
submitted. Authors should indicate ~a the manuscript the position of text figures. 

Manuscripts and drawings should be submitted in complete and finished form, ac- 
companied by the author's complete address. All drawings should also be marked with 
the author’s name. Food Research reserves the privilege of editing manuscripts to make 
them conform with the adopted style of the journal or of returning them to the author 
for revision. Changes which are made by the editors may be reviewed by authors when 
they examine proof. 999" When the amount of tabular or illustrative material is judged 
to be excessive or unusually expensive, authors may be requested te pay the exceus cost. 

Tables, quotations (extracts of over five lines), and all subsidiary matter usually set 
in type smaller than the text, should be typewritten on separate sheets and placed with 
the text in correct sequence. Footnotes should be in with the text (reference numbers 
only), but tten continuously on separate sheets, and numbered consecutively. Ex- 

tions of figures should de treated in the same manner and, like footnotes, should 

put at the end of the text copy. A condensed title for running page headline, not to 
exceed thirty-five letters and spaces, may be given. Citations of literature should made 
im the text by reference to authors with date in pareathesis indicating the year of pub- 
lication. Bibliographic references should be arranged alphabetically by authors at end 


1942). 

F should be drawn for reproduction as line or half-tone unless the 
author is prepared to defray the ‘tional cost of a more expensive form of illustration. 
In grouping the drawings it should be borne in mind that, after the reduction has been 
made, text figures are not to exceed the dimensions of the printed matter on the 
2 Se ee Single plates may be 5 x 7% inches, or less. Double plates will not 
accept 


Fi plates, and tables should be numbered consecuti using Arabic numbers. 
The reduction desired should be clearly on tae 


{ tion 
All drawi intended for photographic reproduction either as line ry 


(black-ink pen and dots) or half-tone plates (wash and brush work) should 

on white or blue-white SS board, not on cream-white or yellow-toned. Photo- 
graphs intended for half-tone reproduction should be securely mounted with colorless 
paste—-never with glue, which discolors the photograph. 

Galley proofs and engraver’s proofs of figures are sent to the author. All corrections 
i} should be clearly marked thereon. If necessary, a corrected galley proof may be sent 
| 


to 

The editors of Food Research recommend that authors follow the rec- 
ommendations for preparation of manuscripts in such guides as “The Wistur Institute 
Style Brief,” published by the Wistar Institute of Philadelphia, Pennsylvania, or 
“A Manual of Btyle” of the University of Chicago Presa. 
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for Microbiological Assay 
of 


VITAMINS and AMINO ACIDS 


Bacto dehydrated media containing all the necessary nu- 
triments and growth factors for the microbiological assay 
of vitamins and amino acids are now available from Difeo. 
These basal media require only the addition of graduated 
amounts of the substance under assay to obtain linear 
growth of the test organism for construction of the stand- 
ard curve. The vitamin or amino acid content of the 
material under assay is determined by adding appropriate 
concentrations of the test substance to the basal medium 
and comparing the growth response obtained with the 
standard. 


BAOTO-FOLIC ACID ASSAY MEDIUM BACTO-RIBOFLAVIN ASSAY MEDIUM 
BAOCTO-NIACIN ASSAY MEDIUM BACTO-THIAMIN ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-VITAMIN By ASSAY MEDIUM 


The method employed in carrying stock cultures of the test 
organisms and preparing the inoculum for microbiological 
assay is important. The following media have been de- 
veloped especially for carrying stock cultures and for 
preparation of the inoculum. 


BACTO-MIORO ASSAY CULTURE AGAR BACTO-MICRO INOCULUM BROTH 
BACTO-NEUROSPORA CULTURE AGAR 


© @ 


BACTO-VITAMIN FREE CASAMINO Actos, dehydrated, is an acid 
hydrolysate of vitamin free casein prepared apm ed for 
laboratories investigating microbiological assay of vitamins. 


Descriptive literature is available upon request. 


Specify ‘“‘DIFCO” 


The Trade Name of the Pioneers in the Research and Devel- 
opment of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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RESOLUTION CHART 


100 MILLIMETERS 


INSTRUCTIONS Resolution is expressed in terms of the lines per millimeter recorded by a particular 
film under specified conditions. Numerals in chart indicate the number of lines per millimeter in adjacent 
“T-shaped” groupings. 

In microfilming, it is necessary to determine the reduction ratio and multiply the number of lines in the 
chart by this value to find the number of lines recorded by the film. As an aid in determining the reduction 
ratio, the line above is 100 millimeters in length. Measuring this line in the film image and dividing the length 
into 100 gives the reduction ratio. Example: the line is 20 mm. long in the film image, and 100/20 = 5. 


Examine “T-shaped” line groupings in the film with microscope, and note the number adjacent to finest 
lines recorded sharply and distinctly. Multiply this number by the reduction factor to obtain resolving power 
in lines per millimeter. Example: 7.9 group of lines is clearly recorded while lines in the 10.0 group are 
not distinctly separated. Reduction ratio is 5, and 7.9 x 5 = 39.5 lines per millimeter recorded satisfacto- 
rily. 10.0 x § = 50 lines per millimeter which are not recorded satisfactorily. Under the particular condi- 
tions, maximum resolution is between 39.5 and 50 lines per millimeter. 

Resolution, as measured on the film, is a test of the entire photographic system, including lens, exposure, 
processing, and other factors. These rarely utilize maximum resolution of the film. Vibrations during 
exposure, lack of critical focus, and exposures yielding very dense negatives are to be avoided. 
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COPYRIGHT OWNER. EXTENSIVE 
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